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Buehler specimen preparation equip- 
ment is designed especially for the metallurgist, and 
is built with a high degree of precision and accuracy 
for the fast production of the finest quality of metal- 
lurgical specimens. 


1. No. 1315 Press for the rapid moulding of specimen 
mounts, either bakelite or transparent plastic. Heating ele- 
ment can be raised and cooling blocks swung into position 
without releasing pressure on the mold. 


2. No. 1211 Wet power grinder with 3/4” hp. ball bearing 
motor totally enclosed. Has two 12” wheels mounted on 
metal plates for coarse and medium grinding. 


3. No. 1000 Cut-off machine is a heavy duty cutter for stock 
up to 3-1/2”. Powered with a 3 hp. totally enclosed motor 
with cut-off wheel, 12” x 3/32” x 1-1/4”. 


4. 1505-2AB Low Speed Polisher complete with 8” balanced 
bronze polishing disc. Mounted to 1/4 hp. ball bearing, two 
speed motor, with right angle gear reduction for 161 and 246 
R.P.M. spindle speeds. 


5. No. 1700 New Buehler-Waisman Electro Polisher pro- 
duces scratch-free specimens in a fraction of the time usually 
required for polishing. Speed with dependable results is ob- 
tained with both ferrous and non-ferrous samples. Simple to 
operate—does not require an expert technician to produce 
good specimens. 


6. No. 1410 Hand Grinder conveniently arranged for two 
stage grinding with medium and fine emery paper on twin 
grinding surfaces. A reserve supply of 150 ft. of abrasive 
paper is contained in rolls and can be quickly drawn into 
position for use. 


7. No. 1400 Emery paper disc grinder. Four grades of abra.- 
Sive paper are provided for grinding on the four sides of 
discs, 8” in diameter. Motor 1/3 hp. with two speeds, 575 and 
1150 R.P.M. 


8. No. 1015 Cut-off machine for table mounting with sepa- 
rate unit recirculating cooling system No. 1016. Motor 1 hp. 
with capacity for cutting 1” stock. 


THE BUEHLER LINE OF SPECIMEN PREPARATION EQUIPMENT 
INCLUDES . . . CUT-OFF MACHINES e SPECIMEN 


MOUNT PRESSES e POWER GRINDERS e EMERY 
PAPER GRINDERS e HAND GRINDERS e BELT 
SURFACERS @ MECHANICAL AND ELECTRO POLISH- 
ERS @ POLISHING CLOTHS e POLISHING ABRASIVES 
e 
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Varied Technical Subjects to Feature Fifty-Fourth 


Several Symposiums Scheduled for Atlantic City, Week of June 18 


S35 varied subjects 
Mis flame photometry, structural sand- 
viches, acoustical materials, testing of 
soils, surface and subsurface reconnais- 
sance, and bulk sampling will be cov- 
tered in technical symposiums at the 
WSociety’s Fifty-fourth Annual Meeting 
0 be held in Atlantic City the week 
beginning June 18. Some detailed in- 
Tformation on the four first-named sub- 
jjects appeared in the January BULLETIN 
with synopses of many of the papers. 
jAdditional information on the latter 
‘two symposiums appears below. 


1 


© This Annual Meeting is about a 
aveek earlier than normal, occasioned by 
Mthe necessity of getting sufficient hotel 
Hacilities and selecting a time with as 
view conflicts as possible with other 
societies. This year there will be no 
Exhibit of Testing Apparatus and Re- 
‘lated Equipment nor any Photographic 
‘Exhibition, these features usually being 
|held in the even-numbered years. These 
exhibits are scheduled for June, 1952, 
in New York City. While it is too 
fearly to give details on entertainment 
/ at the meeting, the Philadelphia Dis- 
‘trict again is assuming the sponsorship 
of the dinner, Ladies’ entertainment, 
iand related events, and further an- 
;nouncement will be made. 


It is known that many technical 
i committees will convene during this 
» week, several of them already having 
planned technical discussions and other 
features. 


! 


In addition to the several technical 
symposiums noted below, there will be 


at least the usual number of separate 
technical papers, and the program may 
be a very full one indeed. Actually the 
Committee on Papers and Publica- 
tions has a large number of offers con- 
fronting it and just how many of these 
will be worked into the program will 
be announced later. The symposiums 
that are to be held (each involving one 
or two sessions, to be announced later) 
are as follows: 


Flame Photometry Consolidation Test- 
. ing of Soils 
Cees Sand Surface and Sub- 
wiches 
surface Recon- 
Acoustical Mate- naissance 
rials Bulk Sampling 


Synopses of many of the papers com- 
prising the four first-named sympo- 
siums above appeared in the January 
BULLETIN, pages 16 and 17. There are 
given below synopses of some of the 
papers comprising the symposiums on 
Surface and Subsurface Reconnais- 
sance and Bulk Sampling. In each 
symposium the papers are by leading 
authorities, and the intent is to provide 
an up-to-date picture of important 
developments and current thought on 
the respective topics. 


Technical Papers: 


There will be a group of technical 
papers concerned with various problems 
in the field of lead and lead products. 
Other individual contributions discuss 
laboratory tests of portland cement 
over a long period of time; freezing 
and thawing of concrete; mechanical 


properties of copper at various tem- 
peratures; low-temperature tension 
tests of metals; various papers on creep 
properties of certain alloys, and others. 
The April BULLETIN will give some fur- 
ther details and the May issue, as usual, 
will carry the complete Provisional Pro- 
gram for the meeting. This issue is a 
significant one, not only for the large 
number of members who will be attend- 
ing the meeting, but also for those who 
are interested in subjects to be coy- 
ered and who may be procuring pre- 
prints of the papers and reports. 


Hotel Accommodations: 


The headquarters hotel will be Chal- 
fonte-Haddon Hall, but numerous other 
hotels will cooperate in providing sleep- 
ing rooms. 

There will be sent to each member well 
in advance of the meeting complete details 
on room requirements. Members must 
keep in mind that the number of single 
rooms at Chalfonte and Haddon Hall is 
definitely lamated. 


Symposium on Bulk Sampling 


Louris TANNER will discuss 
inexpensive collection of data in his paper 
“The Economie Accumulation of Variance 
Data in Connection with Bulk Sampling.” 
Estimates of two variances, called ‘‘be- 
tween” and ‘‘within,’”’ must be available in 
order to employ the techniques discussed 
in the paper by Tanner and Deming, 
“Some Problems in the Sampling of Bulk 
Materials,” ASTM Proceedings, 1949. 
Furthermore, since bulk sampling is most 
often used for raw or semimanufactured 
control, the variances may change ma- 
terially with time. Continuous redeter- 
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mination of the variances is therefore es- 
sential, but such redeterminations are 
costly, sometimes prohibitively so. Tech- 
niques are discussed whereby the neces- 
sary data may be accumulated during 
routine operations at little or no extra 
cost. : 

The development of acceptance criteria 
for bulk food products such as dates, figs, 
and nuts entering Canada is the subject 
of a paper by Charles W. Dunnett, of the 
Department of National Health and Wel- 
fare. A two-stage sampling method is de- 
scribed. The criteria developed give the 
consumer of a product reasonable protec- 
tion against having poor quality lots al- 
lowed entry into Canada, and gives the im- 
porter protection, increasing with the size 
of the lot, against having a good quality 
lot refused entry. 

“Sampling Characteristics of Coal’’ is 
the subject of a paper by A. A. Orning. 
Coal will be described from the standpoint 
of homogeneity in a given seam, hetero- 
geneity of ash distribution, influence of 
preparation, selective size degradation, 
and segregation on handling. The second 
section of the paper will deal with analy- 
ses of variability. In this section in- 
herent variability, trend variability, and 
composition of variance will be discussed. 
A third section of the paper will deal with 
sampling standards. 

“Materials Handling for Bulk Sam- 
pling” will be the subject of a paper by 
Joseph Manuele. The paper will describe 
the basic requirements of a sound sampling 
plan particularly with regard to accuracy 
and economy. Also discussed will be the 
method of determining whether a truly 
representative sample has been obtained 
and how it is possible to be sure that the 
sample is representative. Various types of 
bulk lots are described. In continuous 
movement of material (coal being moved 
on conveyor belt) samples may be taken at 
periodic intervals, the sampling being 
timed to correspond to possible changes in 
the origins, or quality of, the material 
being moved. Therefore, for successful 
bulk sampling, it is necessary that we pre- 
serve the identity of individual increments 
in the bulk lot so that each increment may 
be represented in the sample, either 
statistically or physically. Hence, the 
problem of bulk sampling is a problem in 
material handling. If the bulk is made up 
of a large number of small increments, 
gathered from widely scattered sources, 
the problem becomes complicated indeed. 
It is necessary that information be gath- 
ered pertinent to the particular material 
and to the manner in which it is normally 
handled, and that statistical constants be 
calculated accordingly. Core sampling of 
wool, ASTM Designation D 1060-49 T 
is an example of this method of approach 
to the problem, 

W. M. Bertholf’s paper “The Analysis 
of Variance in an Incremental Sampling 
Experiment,” will give complete formulas 
and appropriate computational methods 
for determining the three components of 
variance in an incremental sampling ex- 
periment, taking into account the weight 
of the various increments in each set, It 
now becomes possible to determine ex- 


6 


perimentally the ‘sampling constants” 
for a given situation with known “con- 
fidence limits.” A number of examples of 
the use of this method in analyzing the re- 
sults of previously reported experiments 
are given, one experiment being analyzed 
in considerable detail to show the method, 
others being reported only by summarizing 
the detailed computations. The use of 
what might be called ‘intermediate cross- 
classifications” to demonstrate ‘control”’ 
and adherence to the general laws of 
sampling, is illustrated. 


Symposium on Surface and 
Subsurface Reconnaissance: 


Abdun-Nur and Dowling will outline the 
engineering-geologic problems encountered 
by the Bureau of Reclamation in the con- 
struction of irrigation and multipurpose 
projects in the Plains area of the United 
States. The prevalence of uniform- 
grained fine soils and lack of granular sand 
and gravel and of hard durable ledge rock 
create problems that require the greatest 
ingenuity to provide for economical 
construction. The value of geological 
reconnaissance will be pointed out. The 
interdependency of engineering and geol- 
ogy will be stressed by the authors. 

“Interpreting Geologic Maps for Engi- 
neers,” by Eckel notes that geologic maps 
contain a wealth of basic information on 
foundations, construction materials, sur- 
face and underground water conditions, 
and other factors that must be considered 
by engineers in the planning and design 
of structures. Much of this information 
depends on interpretations of the basic 
data by a geologist or by the engineer. 
Such interpretations are an integral part 


of detailed geologic investigations of sp4 
tion of Aerial Photographs to Preliminary 


sistivity Method in Making Subsurfae 


strates the practical value of this appari 


for District 5, Illinois Division of Higy 


cific engineering sites. 
A paper by Miles covers the “Applies 


Engineering Soil Surveys.” 
“The Practical Value of an Earth RG 


Explorations” is the subject of a paper 1) 
Abercrombie which outlines exploration 
with the use of an electrical apparatul 
measuring the resistance of soils to tht 
flow of direct current. The paper demon) 


tus in making subsurface explorations fro\ 
a highway builder’s point of view. i 
The increasing use of geophysical tes» 
in subsurface exploration work for engil” 
neering structures is discussed by Moor 
Bureau of Public Roads. After brief») 
covering theory and procedure in makini 
tests in the field the author presents se ( 
eral practical examples in which earth ri 
sistivity tests are used in studies of subsw’ 
face problems in highway constructic 
work. 
In 1949 a project was inaugurated f | 
the preparation of an engineering manu 


ways. In order to provide accurate a 
up-to-date information county engi 
neering soil maps were prepared to correla.) 
all available information. T. H. Thorw 
burn, University of Illinois, has a papyy 
explaining the classification system whi«) 
was adopted, the methods used in pr 
paring the basic maps, and the techniqr) 
for reproduction of the completed maps. . 

D. J. Belcher, Cornell University, wi} 
present an evaluation of techniques an} 
an appraisal, by land form units, of sith 
limitations and accuracy of airphoto r) 
connaissance. 


F. L. LaQue to Be 1951 


THE Board of Directors, 
acting on recommendation of the Mar- 
burg Lecture Committee, has extended 
an invitation to F. L. LaQue, in Charge 
of Corrosion Engineering Section, De- 
velopment and Research Div., Interna- 
tional Nickel Co., to present the 1951 
Edgar Marburg Lecture at the Annual 
Meeting in Atlantic City during the 
week of June 18. Mr. LaQue, who has 
been very active for years in ASTM 
work, has accepted the invitation and 
members can thus look forward to a 
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Marburg Lecturer 
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thoroughly interesting and authoriti 
tive discussion of the subject select 
which will in general relate to corrosied 
testing. 
Mr. LaQue plans to survey the va‘ 
ous programs and methods that ha# 
been instituted in the Society. The il}! 
adequacies of accelerated tests and t) 


cussed and illustrated by appropria 
data. Special attention will be given ti 
distinction that must be made betwed 


protective value of its corrosion prod- 
facts and how these are influenced by 
‘both the composition of the material and 
‘the incidental conditions of its exposure. 
‘) Further details of the lecture, in- 

luding an advance outline, will appear 
jin the April ASTM Buttetin. 


F ie corrodibility of a material and the 
? 
- 


Mr. LaQue is widely known for his 
outstanding work in the field of corro- 
sion testing and evaluation of ma- 
terials subject to this phenomenon. A 
graduate of Queen’s University in 
Kingston, Ontario, he has been with the 
International Nickel Co. since that 


time, specifically in the Development 
and Research Division. For this entire 
period, his principal activities have 
dealt with practical aspects of corrosion 
and properties of metals and alloys. 
In addition to ASTM, he holds member- 
ship in many other professional and 
technical organizations. 


January Actions on Standards Involving Steel, 


Clay Pipe, and Adhesives 


| Mosr of the actions ap- 
¥ oroved by the Administrative Commit- 
)see on Standards during January cover 
Warious types of steel products, but 
Shere were two new tentatives covering 
Ceramic Glazed Sewer Pipe (C 261) 
and a recommended practice for Deter- 
mining Strength Development of Ad- 
mesive Bonds (D 1144). The accom- 
Yoanying table lists the titles and serial 
Mesignations of the new and revised 
ostandards. 


3 teel Products: 


The new Specifications for Pipe for 
*Low-Temperature Service (A 333) has 
Wresulted from intensive work in two co- 
foperating subgroups in Committee A-1, 
‘Subcommittee XI on Steel Tubing and 
‘Pipe and Subcommittee XXII on 
: alves, Fittings, and Flanges for High- 
mTemperature Service. Three ferritic 
wgrades are covered and reference is 
made that austenitic grades complying 
w ith specification A 312 have been 

found suitable for low-temperature 
t ‘service, where minimum Charpy values 
pot 15 ft. -lb. would indicate suitability for 
temperatures down to 325 F. Of the 
Herritic grades, one is a straight carbon 
fsteel with 0.25 max. carbon and the 
other two are nickel alloys, the nickel 
anges being about 3.5 and 5 per cent. 
For the three grades, the test tem- 
)perature for the notch bar impact test 
‘is —50 F. for the carbon grade and 
'-150 F. for the two alloy grades. 
)The minimum average impact value of 
‘these specimens ranges from 5 to 15 
ft.-lb. depending on size of specimen. 
| In the Nut Specification (A 134) a 
jtentative revision to be adopted later 
{will eventually eliminate tungsten as 
Jan alternate for molybdenum 1 in grade 3. 
| The changes incorporated in A 193 and 
A 320, Bolting Materials for High- 
}and Low-Temperature Service, and to be 
‘adopted later in A 261, clarify the 
| requirements on a number of tests. 

The Specification for Welding Fit- 
‘tings (A 234) embodies an important 
‘table listing the materials which are 
‘suitable for use in fabricating these fit- 
tings and consequently as new grades 
of specifications develop they must be 
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considered for inclusion. The changes 
which will be made in A 234 are in this 
classification. 

For some time it has been known that 
the Specification for Structural Steel 
for Ships (A 131) was somewhat out of 
line with latest practices and particu- 
larly with the requirements established 
by the American Bureau of Shipping, 
Lloyd’s Register, and others. In this 
revision many of the requirements are 
brought in line with those promulgated 


by various ship interests, and the specifi- 
cations will thus be more usable. The 
subgroup concerned is continuing its 
studies, and some further changes may 
result in a year or so. In this tenta- 
tive, which applies to shapes, plates, 
bars, and rivets, three grades of steel are 
covered. The tensile strength range 
for the structural steel is 58,000 to 71,- 
000 psi. and for the rivet steel and mate- 
rial for cold flanging 55,000 to 65,000 
psi. 

In the Steel Casting Specification (A 
27), a basic one in this field, the silicon 
content will be more realistic since it is 
being changed from 0.60 to 0.80 per 


New Tentatives 
Specifications for: 


Seamless and Welded Steel Pipe for 
Low-Temperature Service (A 333 — 
50 T 

Standard Strength Ceramic Glazed 
Clay Sewer Pipe (C 261 — 50 T) 


Recommended Practices for: 


Determining Strength Development 
of Adhesive Bonds (D 1144 — 51 T) 


Tentative Revisions of Standards 
Specifications for: 


Carbon- and Alloy-Steel Nuts for 
Bolts for High-Pressure and High- 
Temperature Service (A 194 — 48) 

Factory-Made Wrought Carbon- 
Steel and Carbon-Molybdenum- 
Steel Welding Fittings (A 234 — 50) 

Heat-Treated Carbon-Steel Bolting 
Material (A 261 - 47) 


Revision of Standard and Reversion 
to Tentative 


Specifications for: 


Alloy-Steel Castings for Valves, 
Flanges, and Fittings for High- 


Temperature Service (A 157 - 
DOD) 
Seamless Alloy-Steel Boiler and 


Superheater Tubes (A 213 —- 50 T) 
Heat-Treated Steel Helical Springs 
(A 125-50 T) 


Revisions of Tentatives 


Specifications for: 


Alloy-Steel Bolting Materials for 
High-Temperature Service (A 193 — 
50 T) 


Actions by the ASTM Administrative Committee on 
Standards, January, 1951 


Alloy-Steel Bolting Materials for 
Low-Temperature Service (A 320 — 


50 T) 
Structural Steel for Ships (A 131-—- 


50 

Mild- to Medium-Strength Carbon- 
Steel Castings for General Appli- 
cation (A 27-50 T) 

High-Strength Steel Castings for 
Structural Purposes (A 148 — 50 T) 

General Requirements for Delivery 
of Rolled Steel Plates of Flange 
and Firebox Qualities (A 20 — 50 T) 

Boiler and Firebox Steel for Loco- 
motives (A 30-50 T) 

Open-Hearth Iron Plates of Flange 
Quality (A 129-50 T) 

Carbon-Silicon Steel Plates of Inter- 
mediate Tensile Ranges for Fusion- 
Welded Boilers and Other Pressure 
Vessels (A 201 — 50 T) 

High Tensile Strength Carbon-Sili- 
con Steel Plates for Boilers and 
Other Pressure Vessels (A 212 — 
50 T) 

Chromium - Manganese - Silicon 
(CMS) Alloy-Steel Plates for 
Boilers and Other Pressure Vessels 
(A 202-50 T) 

Low and _ Intermediate Tensile 
Strength Carbon-Steel Plates of 
Flange and Firebox Qualities 
(A 285 - 50 T) 

Nickel-Steel Plates for Boilers and 
Other Pressure Vessels (A 203 — 


50 T) 

Molybdenum-Steel Plates for Boilers 
and Other Pressure Vessels (A 204— 
50 T) 

Manganese-Vanadium Steel Plates 
for Boilers and Other Pressure 
Vessels (A 225-50 T) 

Chromium-Molybdenum Steel Plates 
for Boilers and Other Pressure 
Vessels (A 301 —50 T) 
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cent max. The yield point of grade 
120-100 in the Specifications for High 
Strength Casting (A 148) is to be re- 
duced from 100,000 to 95,000 psi. The 
tensile strength requirements are the 
same. 


Boiler and Pressure Vessel Plate Specvfi- 
cations: 


The various changes in these specifi- 
cations, while not extensive, will im- 
prove their utility. These standards 
are widely used in purchasing materials 
for fabrication into boilers and a wide 
range of other pressure vessels used in 
power generating, oil refining, chemical 
processing, and other fields. In October 
of last year, major changes were made 
in the format of the standards whereby a 
so-called general purpose specification 
giving general requirements was estab- 
lished, (now A 20) and much of the 
material that had hitherto been pub- 
lished in each of the product specifica- 
tions was deleted therefrom and con- 
centrated in the general-purpose docu- 
ment. Since then a few other matters 
have been noted which are covered in 
the current revisions. Tor example, in 
A 20 one change will permit the use 
of the standard 3-in. round specimen 
with 2-in. gage length for testing 
plates down to 14 in. Yield point and 
elongation requirements were changed 
in A 129. Manganese requirements 
were increased in A 201 and A 212 to 1 
per cent in order better to meet impact 
requirements when this material is 
used at low temperature. 

In specifications A 203, A 204, A 302, 
and A 225 there is a requirement that 
on certain size plates if the percentage 
of elongation in an 8-in. specimen falls 
not over 3 per cent below the require- 
ment the elongation in 2 in. across the 
break shall not be less than 20 per cent. 


This provision is set up because certain 
types of alloy steels show a local dis- 
proportionate increase In degree of 
contraction. The present thickness 
range, $ to 2 in., is to be reduced to ¢ 
in. A paragraph covering this change 
will also be added to A 202. In several 
of the specifications revised tensile 
ranges are being embodied. 


Other Specifications: 


In the Alloy Pipe Specifications (A 
158) tungsten is being eliminated as an 
alternate for molybdenum in grade Pda. 
This grade is the 4 to 6 per cent chro- 
mium with a molybdenum range of 0.45 
to 0.65. The Bolting Specification (A 
320) includes requirements on nuts and 
some changes will be made in these. 

Several grades of material have been 
deleted from the Alloy Steel Casting 
Specifications (A 157) since they have 
been replaced by requirements given in 
Specification A 217. In the widely 
used Alloy Boiler and Superheater Tube 
Specification (A 213) a new grade of 
austenitic material designated, TP 310, 
has been added. This grade with a 
manganese maximum of 2 per cent has a 
nickel range of 19 to 22 and per cent 
chromium of 24 to 26. 

Intensive work in Subcommittee IV 
on Spring Steel and Steel Springs has 
resulted in agreement on important 
revisions in the former standard for 
Heat-Treated Springs (A 125). This 
has been reverted to tentative. While a 
detailed description of considerations 
leading to this important revised 
tentative is perhaps unnecessary, the 
action of the subcommittee is an 
excellent example of many such proj- 
ects in ASTM that. result eventually 
in the acceptance of a useful standard. 
As first proposed, there were a number 
of objections, particularly by users, to 


some of the provisions and even afte i 
some compromise there was still doubtl 
as to the changes. In Atlantic City i 
1950, some of those interested brought! 
in a rather extensive demonstration 
test box showing what happened whe re 
springs of various sizes were loaded 
After a study of this interesting demon: 
stration, it was not difficult for the 
members to reach agreement on the) 
provisions. The springs involved are 
hot-coiled, compression springs whiel 
are made of bars about 4 in. and large 
and are intended primarily for use o1¢ 


railway equipment. i] 


Ceramic Glazed Pipe: 


The new Specification for Standard 
Strength Ceramic Glazed Clay Sewey 
Pipe (C 261) has resulted from the faci) 
that there are several responsible com 
panies in the United States and Can 
ada now producing this material. It 
used for conveying sewage, industric} 
waste, storm water, and such liquids{ 
There are requirements on crushinj\{) 
strength, the resistance to action c) 
acids, absorption tests and others. | 


Adhesive Bonds: 


The determination of the strength c} 
adhesive bonds is important in deter: 
mining “curing” or “setting” rate of af 
adhesive. Hence the new recommendely 
practice (D 1144) should be of conside © 
able service. The practice relates to thi 
use of all types of adherent such « 
metal to metal, wood to wood, glass 4 
glass, ete. 

Most of these new and revised stanw 
ards will appear in the respective Suppl 
ments to the Book of Standards an/ 
thus furnished to the members, ani 
eventually all will be available for pu) 
chase in separate pamphlet form. 


NOTES ON PUBLICATIONS 


Symposium on the Role of Non-Destructive Testing in the 


Economics of Production 


THE papers presented in 
this Symposium, held at the 1950 
Annual Meeting, are frankly aimed at 
capturing the attention of management 
and are intended to present unbiased 
views explaining the actual or potential 
values of the various well-recognized 
methods of non-destructive testing in 
promoting higher quality or more 
economical production. 

The contributors were chosen from 
among men of recognized knowledge 
of the subject in the various fields of 
testing, who had extensive experience 
in practical applications. 

Two general papers are included 


covering historical background, ex- 
planations of the various test methods, 
and generalization on the types of struc- 
tural irregularities that could be de- 
tected. Three additional papers deal 
with specific applications of various 
test methods. The final one includes 
a general summarization, correlating 
the ideas expressed in the previous 
papers and presenting pertinent views 
relative to management utilization. 

The papers comprising this Sym- 
posium are as follows: 


A Basic Guide for Management’s Choice 
of Non-Destructive Tests, by Robert 
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C. McMaster and Samuel A. Weng 
Battelle Memorial Institute 
Discontinuities in Cast and Wroug)!: 
Products That Can Be Revealed i. 
Non-Destructive Tests, by Kent | 
Van Horn, Aluminum Company | 
America ; 
The Role of Non-Destructive Testing ¢ 
the Economics of Castings, by J. ¥ 
Juppenlatz, Lebanon Steel Foundry!» 
The Economics and Practical Applic# 
tion of Cobalt 60 in the Radiograp 
Inspection of Steel Weldments, | 
W. Schwinn, Babcock & Wilcox Ccjt 
The Economics of Wrought Steel I}! 
spection, by C. D. Moriarty, Gene 
Electric Co. : 
Management’s Responsibility for I}! 
sistence on Non-Destructive Testi 
in the Development of New Ent} 
neering Products and Processes, 


February 19! 


‘' Leslie M. Ball, Naval Ordnance 
fi Laboratory 

t This symposium is another of the 
siputstanding technical contributions 
stponsored by ASTM Committee E-7 
y m Non-Destructive Testing, formerly 
“$n Radiographic Testing. Each of the 
papers has been reviewed by committee 
)members, and one can say without 


qualification that they are authoritative 
and give really up-to-date information. 

Copies of the 164 page book, in heavy 
paper cover, can be procured at the 
list price of $2.50; the price to Mem- 
bers being $1.85. This publication 
has not been listed in any of the earlier 
Members Order Blanks. It will be 
available about March 1, 


ONE important task in- 


She more than 1600 ASTM specifica- 
tions and test methods. These so- 
alled “separates” are used in a great 
‘variety of ways. Frequently, they 


*xept on permanent file in city or state 
vhrchieves. Separates are used in many 
‘yhases of research work—there are a 
Wnyriad of useful and important appli- 


| The receipt and handling of orders 
“or separates is an important service 


»wvolve from one to thirty-five or more 
separate items, be filled carefully but 
‘che latest standards must be sent. To 
“unsure that stocks of each of these more 
han 1600 standards are maintained is a 


orinting the Book of Standards or 


| ng most separates that are needed. 
One of the rooms at Headquarters 
‘which we frequently show our members 
and visitors is the particular stock room 
filled with bins from floor to ceiling in 
Which these separates are maintained. 
The Book of Standards itself is an im- 
posing volume but perhaps more im- 
ressive is to see a large room stacked 
\with copies of the separates. 


Prices of Separate Standards: 


| For many years we could announce 
‘that copies of separates were available 
lat 25 cents each but with increased 
printing costs and handling charges 
some modification was necessary and 
‘the cost of each standard now depends 
fupon the size. The following scale is in 
effect: 


\In Lots Of 1019”: 
1 to 16 pages—25 cents each 


' * Lots may consist of the same or assorted 
. standards. 
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ASTM Standards Are Available in Separate Pamphlet 


Form 


17 to 32 pages—40 cents each 
Over 32 pages—50 cents each 


Quantity Prices: 
10 to 24—10 per cent discount from 
above prices 
25 to 100—15 per cent discount from 
above prices 
Over 100—special quotation 


There has recently been compiled a 
list of the standards for which 40 and 
50 cent charges apply. This list fol- 
lows: 


40 cents (1 to 9 copies); 


A 233-48 T. Iron and Steel Arc-Welding 
Electrodes 
A 316-48 T. Low-Alloy Steel Arc-Weld- 
ing Electrodes 
C 18-45. Chemical Analysis of Re- 
fractory Materials 
C 169 - 43. Chemical Analysis of Soda- 
Lime Glass 
IBY ef 0) Insulated Wire and Cable: 
Class AO, 30 per cent 
Hevea Rubber Com- 
pound 
D 29-40 
and 41 T. Sampling and Analysis of 
Shellac 
D 202 — 50 T. Sampling and Testing Un- 
treated Paper Used in 
Electrical Insulation 
D 215-41. Chemical Analysis of White 
Linseed Oil Paints 
D 245-49 T. Establishing Structural 
Grades of Lumber 
D 271 — 48. Laboratory Sampling and 
Analysis of Coal and 
Coke 
D 276 — 49. Identification of Fibers in 
Textiles 
D 297-50 T. Chemical Analysis of Rub- 
ber Products 
D 414-49 T. General Methods of Test- 
ing Cotton Fibers 
D 460 — 46. Sampling and Chemical 
Analysis of Soaps and 
Soap Products 
D 500 — 45. Chemical Analysis of Sul- 
fonated and Sulfated Oils 
D 805 — 47. Testing Plywood, Veneer, 
and Other Wood and 
Wood-Base Materials 
E 34-49 
and 50 T. Chemical and Photometric 
Analysis of Aluminum 
and Aluminum Base AI- 
loys 
E 35-49 
and 50 T. Chemical and Photometric 
Analysis of Magnesium 
and Magnesium-Base Al- 
loys 
E 37-50 T.* Chemical Analysis of Pig 
Lead 
E 46-50 T.* Chemical Analysis of Lead- 
and Tin-Base Solder 
Metal 
E 54-49 
and 50 T. Chemical Analysis of Spe- 
cial Brasses and Bronzes. 
EB 57-50 T.* Chemical Analysis of White 


Metal Bearing Alloys 
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E 72-47 T. Conducting Strength Tests 
of Panels for Building 
Construction 

EK 75-50T. Chemical Analysis of Cop- 
per-Nickel and Copper- 
Nickel-Zine Alloys 

E 76-50T. Chemical Analysis of 


Nickel-Copper Alloys 


* Includes E 87 — 50 T—Photometric Analysis 
of Lead, Tin, Antimony and Their Alloys. 


50 cents (1 to 9 copies); 


A 247 — 47, Evaluating the Microstruc- 
ture of Graphite in Gray 
Tron 
C 114-47 
and 48 T. Chemical Analysis of Port- 
land Cement 
D 128 — 50 
and 50 T. Definitions and Glossary of 
Terms Relating to Tex- 
tile Materials 
D 143 — 50. Testing Small Clear Speci- 
mens of Timber 
D 150-47 T. Test for Power Factor and 
Dielectric Constant of 
Electrical Insulating Ma- 
terials 
D 296 — 49 Cotton Rubber-Lined Fire 
Hose for Public and Pri- 
vate Fire Department 
and Use 
D 297 — 50 T. Chemical Analysis of Rub- 
ber Products 
D 351 — 49 T. Natural Muscovite Mica 
Based on Visual Quality 
D 900 — 48. Test for Calorific Value of 
Gaseous Fuels by the 
Water-Flow Calorimeter 
EK 3-46T. Preparation of Metallo- 
graphic Specimens 
E 19-46. Classification of Austenite 
Grain Size in Steels 
E 30-47 
and 50 T. Chemical Analysis of Steel, 
Cast Iron, Open-Hearth 
Tron, and Wrought Iron 
E 31-47. Chemical Analysis of Ferro- 
Alloys 
EK 45-46 T. Determining the Inclusion 
Content of Steel 
EK 50-50 
and 48 T. Apparatus and Reagents 
for Chemical Analysis of 
Metals 
E 79-49 T. Estimating the Average 


Grain Size of Wrought 
Copper and Copper-Base 
Alloys 


Additional 1950 Supple- 
ments to Standards Avail- 
able 


As THIS BULLETIN nears 
press, additional parts of the 1950 
Supplement to the Book of ASTM 
Standards have become available. The 
1950 Supplement—Part 2—Non-Fer- 
rous Metals, became available late in 


1950; then came Part 6—Electrical 
Insulation, Plastics, Rubber, about 
February 1; and since then Part 4— 


Paint, Naval Stores, Wood, Adhesives, 
Paper, Shipping Containers. 

These Supplements are sent auto- 
matically to members whose instruc- 
tions concerning the Book of Standards 
are on file. Extra copies of the Supple- 
ments may be purchased by members 
at the special price of $2.75, the list 
price being $3.50 per part. 
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Some interesting 1950 
financial highlights are here excerpted 
from the report of the Executive Secre- 
tary to the Board of Directors at its 
meeting on January 16, 1951. A fully 
detailed report of the financial opera- 
tions of the Society during 1950 will be 
included, as customary, in the next An- 
nual Report of the Board of Directors. 
This will be preprinted in advance of the 
Annual Meeting in June. 


1950 Operating Receipts: 


Operating receipts for 1950 at $594,- 
074 were the highest in the Society’s 
history. The accompanying table shows 
the major sources of receipts and gives 
comparable data for the two preceding 
years. Receipts from dues increased 
about the same as in recent years. Re- 
ceipts from publication sales, however, 
were much higher, due principally to the 
heavy sales of the 1949 Book of Stand- 
ards. Also, sales of Compilations of 
Standards (of which many were issued 
in 1950) and of separate standards con- 
tributed much to this showing. In fact 
receipts from sales of standards in all 
forms issued represent about 83 per cent 
of all publication sales, which demon- 
strates the importance of the Society’s 
standardization work as a vital means 
of support of ASTM activities. 

Receipts from advertising and in- 
come from investments increased ma- 
terially, and the 1950 Exhibit also con- 
tributed to gross revenues. 


1950 Operating Disbursements: 


Operating disbursements at $523,206 
are likewise an all-time high and re- 
flect the steady growth of the Society’s 
work. Publication costs were up sub- 
stantially over the preceding year, due 
principally to the large number of pub- 
lications issued, including the papers 
presented at the Pacific Area National 
Meeting in October, 1949, which com- 
prise upwards of 900 pages. Increase 
in salaries is accounted for by increases 
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Financial Highlights of 1950 and 
Some Notes on 1951 Budget 


in the Staff and salary advancements. 
These two items together, as in the past, 
account for about 80 per cent of all dis- 
bursements. 

The Society’s contribution to the 
Retirement Plan for ASTM Employees 
was $14,851, which was 2.8 per cent of 
all disbursements and about 8 per cent 
of the salary roll. The item of Head- 
quarters Occupancy, plus the portion 
of salaries chargeable to building man- 
agement, is equivalent to rent and 
amounts to about $2 per square foot. 

It is of interest to note that the in- 
come from advertising in the ASTM 
BULLETIN, plus pe from subscrip- 
tions to and sales of this publication, 
just about pay for the cest of printing 
the BULLETIN exclusive of overhead ex- 
penses. 


Favorable Operating Balance: 


It will be seen that the Society’s 
operations in 1950 provided a favorable 
operating balance, which is the normal 
pattern for the first year of the triennial 


OPERATING RECEIPTS 


budget period represented by the years 
1950-51-52. For each of the two latter# 
years, operating receipts would normally 
fall below those of 1950 necessitating 
the use of surplus and reserve funds to; 
balance the budgets in those two years: 
(see statement below on 1951 Budget).’ 
The favorable operating balance per- 
mitted the building up of certain Re~ 
serve Funds to meet future require-¢ 
ments. Most important of these are thei 
Reserve for General Publications and 
Reserve for 1952 Book of Standards, toy 
each of which $15,000 has been added ini 
anticipation of greatly increased costs ole 
paper and printing that are already i i 
effect. Other reserves to which appro 
priate additions have been made includ q 
two Retirement Fund Reserves and they 
Reserve for Depreciation of Invest} 
ments. In all, $47,000 was transferreay) 
to these reserves; in addition the sum o 
$2500 was added to the principal of they 
ASTM Research Fund. 


Assets and Net Surplus: 


The balance sheet of the Society om 
December 31, 1950, showed assets in thei, 
General Funds of $439,271.50; liabililf 
ties, including accounts payable and allil 
reserve funds, total $187,793.66, leaving} 
a net surplus of $251,477.84, which i:// 
about 48 per cent of the current operat! 
ing disbursements—in other wordsl 
enough to run the Society for about sis¥ 
months.! 

In addition to the General Funds, th 
balance sheet also shows assets in thi 
Building Fund of $187,152.31, which in) 
cludes depreciated value of the Head! 
quarters Building (including land) cf 
$156,340.87; and in Committee anw 
Other Funds of $140,057.27, these ae 


Source 1950 1949 | 1948 
Per Cent Per Cent Per Cen») 
DuGs saa eres Pas ee eo a $205 581 34.6 $202 782 40.4 $199 892 38.6 5 
Sales of Publications............. 325 998 54.8 253 127 50.4 269 952 51.5 F 
Miscellancous MPT io Pama oe on, 
VENUISING anereearat ey amen 32 003 274 é 
Interest and Dividends......... 9 896 ; $49 8 ool 
Registration Ne By eNebaahe hy ater LRHY (3B 6 623 
xhibi : 8 913 5 9 665 
Other tas ene paced sortie ee, 4 356 re 2 685 3 7 682 
Total Miscellaneous.............. 62 495 10.6 46 139 9.2 50 711 9.9 
Toran REcwIprs...............| $594 074 100.0 $502 048 100.0 $520 555 100.0 
OPERATING DISBURSEMENTS 
Item 1950 1949 | 1948 
san at Per Cent Per Cent Per Cen 
ublications. Soar aso Pare teal $231 825 44.2 $205 080 41.8 $196 880 42.84 
cane oe Seen ay tes Oarel.s oe a 352 172 732 Chae | 154 274 33.6 / 
ae ee ge 219 42 124 ; 
Move see ane Technical and Be pot ae ee oi 
istric ommittees. Defined 22) 311 ae 28 2 5 5 | 
venacna ee Occupancy... St cee ee L535 ee ce 604 . 7 oer 38 
etiremen Bi ie 14 851 2.8 13 699 2. 25 2.5 
Miscellaneous................... 10 243 2.0 11251 33 11 085 36 
Toran DisBURSEMENTS......... $523 206 100.0 $490 871 100.0 $459 427 | 100.0} 
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)The growth of Society activities in the 
st decade, coupled with the influence 
-) greatly rising costs, is reflected in the 
st that in that period Society dis- 
‘rsements have increased 2.88 times. 
+t the same period the net surplus has 
vereased approximately 2.62 times. 


vestments: 


he book value of the Society’s in- 
vistments in all funds (i.e., General, 
hilding, Research, Committee, and 
‘edal and Lecture Funds) was $311,- 
113.07 on December 31, 1950. In view 
) the strong inflationary trends during 
Ye latter half of last year it was de- 
Jed to increase the Society’s holdings 
) equities in relation to holdings of 


‘int in bonds. Substantial investments 
+>re made in open-end Mutual Funds 
) secure diversification of investments 
od management service.’ 


‘The charts here published give a 
phic presentation of the source of the 
ome dollar and how it was used. In 
+e latter chart such expenses as salaries, 
Bera office expense, rent, and other 
s-erhead items have been apportioned 
the three broad categories of Society 
ork, namely, Standardization, Re- 
rch, and Administration. Additions 
Reserve and Surplus are also shown. 


| 1951 Budget 


In the budget for 1951, current in- 
| me has been placed at $544,000, made 
) of dues and entrance fees of $208,000; 


publication sales, $285,000; miscel- 
laneous items, $51,000. Estimated dis- 
bursements are $573,000, made up of 
publication costs of $237,000; salaries 
(including staff expansion and increases 
in salaries to meet current conditions), 
$212,000; and general office expenses, 
meetings and committees, headquarters, 
retirement and miscellaneous, $124,000. 
The budget for publications makes al- 
lowance for substantial increases in cost 
of paper and printing, which range up 
to 20 per cent depending on the nature 
of the printing; it also includes the allot- 
ment of $40,000 from current income to- 
ward the 1952 Book of Standards Re- 
serve. 

As will be seen, an operating deficit is 
anticipated of $29,000, which if it comes 
about will be met by drawing from 
publication and other reserve funds and 
from surplus. Naturally, this depends 
upon many factors which in these days 
of uncertainty and emergency can be 
only roughly estimated. The endeavor 
has been made to budget conservatively 
all along the line. 

The Board of Directors is naturally 
gratified with the financial picture re- 
vealed by 1950 operations, which has 
made possible the strengthening of the 
whole financial structure of the Society 
in anticipation of the rough and uncer- 
tain times that may lie ahead. 


1 Since the close of the fiscal year 1950 the 
Board of Directors, in anticipation of the proba- 
bility of having to construct an addition to the 
Headquarters Building and also to provide a 
Reserve for the greatly increased cost of replace- 
ment due to present inflation, transferred the sum 
of $25,000 from Surplus to a Reserve Building 
Account, thus decreasing the net surplus to 
approximately $226,500. 

2 Since the first of the year further changes 
were made in the investment portfolio by invest- 
ing monies in Mutual Funds and certain common 
stocks. As a result, on January 16, 1951, the 
book value of all securities was approximately 
$334,180, of which 54 per cent was in common 
stocks, 14 per cent in preferred stocks, and 32 
per cent in bonds. 


54.8¢ 


1950 Income Dollar 


STANDARDIZATION 
Development and 

Publication of Standards 
and Reports 


RESEARCH 
Technical Papers 
and Discussions 
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How Income Dollar Was Used 


jues of Members in Armed 
Services Remitted 


[ By action of the Board of 
hirectors, the dues of personal members 
4, the Society who enter the Armed 
vices of their country will be re- 
sitted for the period of their service, the 
mbership being resumed without in- 
rruption on return to civilian life. 
juring this period of service, regular 
blications will be withheld, except 
at the ASTM Butietin will be 
jailed to such members to any desig- 
|ited address. 


Symposium on Thermal Insulating 
Materials at Spring Meeting 

Finau plans have been 
virtually completed for the Symposium 
on Thermal Insulating Materials which 
is the technical feature of the Spring 
Meeting in Cincinnati on Wednesday, 


March 7. Normal procedure calls for 
the publication of this symposium later 
in the year. It is hoped to include in the 
April ASTM Butuetin, the next issue, 
a news account of the Spring Meeting, 
with notes on some of the highlights 
stressed by the authors. 


industrial centers. 


TECHNICAL COMMITTEE STATEMENTS 


Ir 1s planned to include in the April ASTM Buuuetin, available 
late that month, news accounts of significant activities of technical committees 
resulting from meetings during ASTM Committee Week in Cincinnati through- 
out the week of March 5, or of meetings held by many of the committees in other 


The purpose of this extensive article is to keep members currently up to date 
on many of the major developments in the technical committee work. The material 
is segregated according to subjects covered by the technical committees, and the 
reader can thus peruse the specific fields with which he is concerned. 
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ASTM Employees Now in Social 
Security 


Errective January 1, 
1951, the employees of the Society come 
under the provisions of the Social 
Security Act as revised in 1950. Prior 
to the revision, the Society and its em- 
ployees were exempt from Social Secu- 
rity provisions and taxes. The revised 
Act permits (but does not require) 
technical society employees to partici- 
pate, provided the employer agrees to 
pay his share of the tax and at least two- 
thirds of the employees vote to partici- 
pate. Last September the Board of 
Directors agreed to pay the employer’s 
share of the tax, and in December more 
than two-thirds of the employees (41 of 
54 employees) agreed to participate and 
pay their share of the tax. 

The Board’s decision to have ASTM 
enter Social Security was made with the 
understanding that Social Security 
benefits would be in addition to those 
already provided by the Society’s own 
Retirement Plan for ASTM Employees, 
in which at the moment 28 employees 
are participating. The greatly in- 
creased retirement and other benefits of 
Social Security under the 1950 Act made 
participation for our employees attrac- 
tive, and for those also in the ASTM 
Plan provide a worth-while addition to 
retirement incomes being provided 
under the latter plan. 


Members May Get Duplicate 
Sales and Meeting Literature 


SoME members may 
wonder ‘how come’’ they receive 
from time to time duplicate en- 
velopes which include information 
about ASTM District or National 
Meetings, or contain literature 
about the Society’s publications. 
There is considerable direct mail 

- addressing carried on to stimulate 
interest in meetings of the Society 
including District meetings and we 
also distribute to various lists which 
are made available to the Society a 
considerable amount of literature 
describing our publications. It 
would be time-consuming and costly 
to attempt to eliminate first, all mem- 
bers’ names and, secondly, every 
duplication of names, because some- 
times two or more lists may be used 
in one project. 

So, it is hoped that when members 
receive duplicate mailings they 
will understand the reasons for 
this. Because of the great activity 
of an average ASTM member, there 
is hardly any mailing we do to other 
groups that will not include quite a 
number of our members. 


Manual for Authors of ASTM Papers 


A new and compact Man- 
ual for Authors of ASTM Papers has re- 
cently been issued. This incorporates 
in convenient form such material as has 
been furnished to authors for many 
years but also- includes additional data 
and instructions and is the Manual re- 
ferred to in the article on “ASTM 
Papers—Their Preparation, Acceptance, 
and Publication” which appeared in 
the January, 1950, issue of the ASTM 
BULLETIN. 

The Committee on Papers and Pub- 
lications has endeavored, over the 
years, to keep the quality of papers pub- 
lished on a high plane. The principal 


- contributing factor in this regard is the 


very careful scrutiny which the Papers 
Committee gives to all offers of papers, 
but more particularly the very critical 
review of manuscripts which the Papers 
Committee secures on the part of ex- 
pert authorities in the field covered by 
the paper. However, the suggestions 


given to the prospective authors off 
papers such as those set forth in the 
Manual also contribute in maintaining, 
the quality of the manuscript. 
Although the new Manual and its ac 
companying material are primarily fou 
the use of authors of ASTM papers, a 
copy of the manual will be sent on re-i 
quest to ASTM members who might finc) 
it of service. | 


Deicing a TV Antenna 4 


One of the many engineeringi 
and technical problems connected with 
the construction of a new 200-ft. television 
antenna tower atop the Empire Stata 
Building was to keep the lofty structura) 
(1450 ft. up) warm enough to prevent thil 
formation of ice during sleet storms witli) 
consequent increase in wind loads an 
other hazards. To solve the problem, th 
Electrical Testing Laboratories of Nev 
York City determined the amount of elec 
trical current necessary to be passes 
through the sections of the antenna, | 

| 


prevent ice from forming. 


Committee B-4 on Electrical Heating, New York, N. Y. 


SprRiInG MEETINGANDCOoMMITTEE WEEK Cincinnati, Ohio 
Committee D-12 on Soaps and Other New York, N. Y. 


Committee D-9 on Electrical Insulating Washington, D. C. 


Committee D-15 on Engine Antifreezes Washington, D. C. 
Committee D-10onShippingContainers Atlantic City, N. J. 
Committee B-1 on Wires for Electrical Washington, D. C. 


Committee C-21 on Ceramic Whiteware Chicago, Il. 


Committee D-21 on Wax Polishes and Chicago, Ill., and i 


Committee E-11 on Quality Control of Cleveland, Ohio 


Schedule of ASTM Meetings 
DatE GRouP 
February 26-28 Committee D-1 on Paint, Varnish, Lac- Washington, D. C. 
quer, and Related Products 
February 27 Committee E-12 on Appearance 
March 1-2 
Resistance, and Related Alloys 
March 2 Nominating Committee 
March 5-9 
March 8 Oregon Members 
March 13 Northern California District 
March 14-16 Committee D-13 on Textile Materials 
March 16 New York District 
March 16 Southern California District 
March 19-20 
Detergents 
March 22 Dallas Members 
March 22 Philadelphia District 
March 27 Houston Members 
March 27-28 Committee D-20 on Plastics 
March 28-30 
Materials 
March 29 Alabama Members 
March 29 ’ Pittsburgh District 
March 29-30 
April 16-17 
April 19-20 
Conductors 
April 21 
April 23-24 Committee D-14 on Adhesives 
Aprii 24 St. Louis District 
May 2-3 
Related Materials 
May 3 Detroit District 
May 21-22 
Materials 
June 18-22 ANNUAL M&ETING 


PLACE 


Washington, D. C. 


Philadelphia, Pa. 


Portland, Ore. 

San Francisco, Calif. 
New York, N. Y. 
New York, N. Y. 
Los Angeles, Calif. 


Dallas, Texas 
Philadelphia, Pa. 
Houston, Texas 
Washington, D. C. 


Birmingham, Ala. 
Pittsburgh, Pa. 


Washington, D. C. 
St. Louis, Mo. 


Racine, Wis. 
Detroit, Mich. 


Atlantic City, N. J. 
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ASTM DISTRICT ACTIVITIES 


IN ADDITION to meetings 
4. February 20 in Philadelphia and St. 
»uis, several other district and locally 
a onsored meetings are being arranged, 
“enumber of these in connection with 
sits which President Markwardt and 
ti ecutive Secretary Warwick will make 
+) West Coast and Southern industrial 


Yeetings, noting the subjects and 
‘eakers, may quickly convey what is in 
“sospect. 


|) Whenever possible, the President of 
4e Society attempts to visit the two 
fest Coast Districts centered in Los 
‘mngeles and San Francisco and usually 
| tese Districts will hold technical meet- 
‘gs during his visit. Added to this 
‘ittern this year is a meeting being ar- 
ynged by our members in Portland, 
7 re., where, as is noted above, both the 
‘resident and Executive Secretary will 
weak. Mr. Warwick, at each of the 
eetings on the Coast and also in the 
) sher three cities indicated, will talk on 
mie topic “Highlights of Current ASTM 
York in Materials,’ varying his theme 


Wear and Abrasion, Structural Sandwiches, Forest 
sesearch—To Be Subjects of District Meetings 


ificers to Visit West Coast and Southern Centers 


in line with the principal interests of the 
respective localities. The officers of the 
two Districts in California are coordi- 
nating the plans there, and in the other 
cities small groups of the members have 
been designated as local committees on 
arrangements. While the personnel of 
these groups will be noted in a subse- 
quent Buuietin, heading the com- 
mittees are the following: Messrs. T. K. 
May, Edwin Joyce, H. M. Shilstone 
Jr., and J. R. Trimble in Portland, 
Dallas, Houston, and Birmingham, re- 
spectively. 

All members and friends of the So- 
ciety are cordially invited to attend 
these meetings. Direct mail notices are 
going to members and committee mem- 
bers in each locality. 

This will be the second time that 
there has been an ASTM sponsored get- 
together in the cities where no Dis- 
tricts are functioning. Just a year ago 
the Assistant Secretary, on a West 
Coast trip, had groups of our members 
together for the first time in Portland 
and the southern cities and the indus- 
trial importance of these areas and the 
increasing number of our members 


PLACE 


Franklin Inst., 20th and the 
Parkway, Philadelphia, Pa. 

Engineers’ Club of St. Louis, 
4359 Lindell Blvd., St. 
Louis, Mo. 

Burns Restaurant, 336 N.E. 
20th, Portland, Ore. 


Engineers’ Club, 206 San- 
some St., San Francisco, 
Calif. 

Los Angeles, Calif. 


Franklin Inst., 20th and the 
Parkway, Philadelphia, Pa. 


Venus Restaurant, Dallas, 


ex. 
Houston Club, Commerce 
Bldg., Houston, Tex. 


jfarch 29 . Birmingham, Ala. 


SUBJECT AND SPEAKER 
Metallurgical Development—W. A. Reich. 


Highlights of Progress in Forest Products 
Research—President L. J. Markwardt. 


Highlights of Progress in Forest Products 
Research—President L. J. Markwardt. 
Features of Current ASTM Work in Mate- 

rials—Executive Secretary C. L. Warwick. 

Timber as a Construction Material—Presi- 
dent L. J. Markwardt. 

Executive Secretary. 

Highlights of Progress in Forest Products 
Research—President L. J. Markwardt. 

Executive Secretary. 

Symposium on Wear: The Human Body 
(Dinner talk), John P. Hubbard, Univer- 
sity of Pennsylvania; Textiles, Charles L. 
Simon, Industrial By-Products & Research 
Co.; Metallic Substances, John T. Burwell, 
Massachusetts Institute of Technology; 
Highways, Speaker from Highway Re- 
search Board; Lubricants & Metals (use of 
radioactive isotopes), C. F. Burk, Atlantic 
Refining Co. 

Highlights of Current ASTM Work on Mate- 
rials—Hxecutive Secretary. 

Executive Secretary. 


Executive Secretary. 


See page 22 for notes on New York and Pittsburgh meetings) 


‘ebruary 1951 


ASTM BULLETIN 


point up the desirability of occasional 
visits by officers of the Society. 


Wear and Abrasion Testing 


A significant and interesting Sym- 
posium on Wear Testing of Metals 
(now out of print) was sponsored in 
Philadelphia over ten years ago by the 
District; and the session at the Franklin 
Institute on March 22, as noted above, 
while on a somewhat broader theme, is 
in recognition of the tremendous in- 
terest in this whole subject. District 
Vice-Chairman E. K. Spring, Chief 
Metallurgist, Henry Disston and Sons, 
was assigned the task of procuring 
speakers, and the success of his efforts is 
indicated by the program that has been 
set up, each man being an authority on 
this particular subject. All interested 
are cordially invited to attend. Dinner 
reservations should be sent to ASTM 
Headquarters. 


New York Meeting on 


Titanium 


A THOROUGHLY interested 
audience of about 250, attending the 
New York District Meeting of January 
12, heard two presentations on the pro- 
duction and the potential uses of tita- 
nium. T.W. Lippert, General Manager, 
Titanium Metals Corp. of America, 
spoke on “Derivation and Mill Fabrica- 
tion,’ and N. E. Promisel, Head, Ma- 
terials Branch and Chief Metallurgist, 
Bureau of Aeronautics, U. 8. Navy, 
covered ‘‘Alloys and Their Potential 
Applications.’ Each speaker handled 
his subject very adequately, resulting 
in one of the best District meetings of 
the year. 

This was a joint meeting with the 
ASME Machine Design Division, its 
program chairman, H. C. R. Carlson, 
also being the ASTM District head. He 
cooperated with ASTM program chair- 
man, L. T. Work, in obtaining the 
speakers. Alex Stewart, Director of 
Research, National Lead Co., acted as 
technical chairman. 

Although there has been as yet very 
limited commercial use of titanium al- 
loys, the tonnage being quite low and 
the average price during 1950 aggregat- 
ing in the neighborhood of $20 a pound, 
nevertheless some of the remarkable 
properties of the alloys undoubtedly 
justify the increased production ex- 
pected during this year when possibly 150 
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to 200 tons of the metal may be forth- 
coming. Production of the metal with 
its high affinity for oxygen creates special 
smelting problems and in rolling into 
shapes the metal must be protected, 
for example by an outer layer of steel. 
Mr. Lippert in discussing production did 
not present any flamboyant picture of 
titanium, but gave a factual story of 
some of the problems, many of which 


are now being overcome. 

Mr. Promisel, who is vitally inter- 
ested in the subject from the standpoint 
of use in equipment for the Navy and its 
branches, discussed various alloys, not- 
ing that tensile strengths can be ob- 
tained in the neighborhood of 100,000 
psi. with quite good yield point, but that 
problems include a rather low elonga- 
tion and ductility. However, some of 


President Markwardt at Philadelphia and Cleveland 


Meetings 


E. J. Albert Speaks in Philadelphia on ‘Philadelphia and the Apparatus Industry"’; 
N. L. Mochel in Cleveland on ‘‘Metals Currently Critical” 


Presipent L. J. Mark- 
wardt was the technical speaker at 
President’s Night Meetings sponsored 
by the respective Districts in Philadel- 
phia on January 16, and in Cleveland on 
February 5. At dinners in connection 
with each meeting two prominent 
ASTM members spoke—in Philadelphia 
E. J. Albert, President, pro tem, Scienti- 
fie Apparatus Makers’ Association, and 
President, Thwing-Albert Instrument 
Co., discussed “Philadelphia and the 
Apparatus Industry,” and in Cleveland, 
N. L. Mochel, Manager, Metallurgical 
Engineering, Westinghouse Electric 
Corp., and Chairman of Committee A-1 
on Steel, which was meeting that week, 
gave “Some Informal Comments on 
Metals Currently Critical.” 


Structural Sandwich Construction: 


Because of the interest in composites 
and structural sandwich constructions, 
President Markwardt devoted consider- 
able time to preparing a technical paper 
on this subject, and he received many 
compliments on this talk both in Phila- 
delphia and Cleveland. Since there is a 
likelihood of the paper being published, 
just a sketchy outline is given here. 

He referred to the derivation of the 
name ‘‘sandwich”’ which traces back to 
the Earl of Sandwich in England. Then 
he gave the following definition de- 
veloped by ASTM Committee C 19 
covering these materials: 


“A laminar construction comprising a 
combination of alternating dissimilar 
simple or composite materials assembled 
and intimately fixed in relation to each 
other so as to use the properties of each to 
attain specific structural advantages for 
the whole assembly.”’ 


He reviewed the various types of ma-~ 
terials such as metals, wood, and other 
nonmetallics which may go to make up 
the facings, following which notes were 
presented on the core materials of which 
there is a great variety. He discussed 
design criteria and in conclusion showed 
some interesting slides of the compo- 
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nents, various sandwiches, and their use. 


Philadelphia and the Instruments Industry: 

For quite some time the Philadelphia 
District has wished to have a discussion 
on the historical and industrial aspects 
of Philadelphia and the instruments in- 
dustry. This home city of ASTM was 
really the cradle of the industry, Ben- 
jamin Franklin being one of the pioneers. 
Mr. Albert, who devoted considerable 
time in preparing his material, and dis- 
cussed it with such leaders in the in- 
dustry as Morris E. Leeds, J. Edward 
Patterson, and Richard P. Brown, 
among others, gave many interesting 
historical facts. In so doing, he noted 
the significance of some of the organiza- 
tions, in particular Queen and Co., from 
which stemmed a number of the leading 
current organizations in the instru- 
ments and supply field. Those who 
founded such companies as Leeds & 
Northrup, Arthur H. Thomas Co., J. G. 
Biddle & Co., and others, were at one 
time affiliated with Queen’s. 

The speaker stressed the fact that 
Philadelphia, the cradle of the industry, 
was even now the leading center for this 
industry. In addition to the companies 
noted above, and his own organization, 
which he very modestly did not refer to, 
there are other leaders in this field, in- 
cluding Olsen, Baldwin, Brown, RCA, 
Precision Thermometer, H-B Instru- 
ment Co., and others. 

Mr. Albert also took the occasion to 
stress the key position of this industry 
and the necessity of maintaining it 
through cooperation from responsible 
sources in procuring material and man- 
power. 

It is planned either to publish in full, 
or an extended abstract of Mr. Albert’s 
paper. 

Critical Materials: 


The Cleveland District, in inviting 
Mr. Mochel to speak at its District 
Meeting Dinner on a subject to which 
he is very close, namely, critical metals, 
was conscious of the presence in Cleve- 
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the alloys show excellent promise her 
The remarkable properties of some of t 
alloys in resisting attack by sea watd 
were noted. 


The meeting as a whole presented a 
up-to-date survey of this interestir 
metal, and presented some factual eng 


neering data on some of the more pron 
ising alloys. 


land, during Committee A-1 meeting) 
of many leading metallurgists and eng 
neers consuming and producing ste¢ 
His remarks, some intentionally on ‘i 
light side, but mostly very serious, i|| 
cluded among other aspects, the folloy/ 
ing: After a very trying experience N 
World War II, when many of those ») 
this very meeting had serious problerp) 
and devoted much effort to conservirj 
critical materials, we had become «/ 
tremely complacent. Certainly the uj 
of elements such as columbium and 1) 
lated materials had not been curtail ; 
very few had been conservation or yell: 
“stockpile’’ minded. Now, we al 
‘“yaying the piper.’’ He made refereny) 
to nickel, aluminum, and other impal 
tant metals on which our peacetime axj 
war economy depend. He noted til: 
Society’s willingness to cooperate wii fi 
branches of the Government and say. 
that a Directors’ Special Committt) 
had written to key Government men :{ 
dicating the ASTM was standing reas 
to help where it could. 
Although not minimizing the seriou) 
ness of insufficient alloys, he did not ed 
on a pessimistic note, but stressed thy 
we will get through somehow, althoumy 
intensive effort is necessary. In all ( 
the problems manpower is vital and § 
stressed the importance of this featul) 
which is so often overlooked. 
Following Mr. Mochel, Presidet) 
Markwardt spoke, and noted a poewl: 
“‘A Nation’s Greatness,’’ which was pal 
of his New Year’s Message to ¢ I 
members, where, in referring to a 1 h 
tion’s greatness, Samuel Blumentlt f 
wrote that “the measure of a nation( 
the stature of its men,” that “scie 1 
wealth, and power can build a sup t 
ui 


state, but the stature of its citizens ald 
can make it great.” 


Who Did It? 


In Philadelphia, where Messi 
Schaefer, Albert and Spring, and Ols#) 
the respective District Officers, gui 
the District work, Henry Grinsfel: 
arranged the program. In Clevelad 
Chairman R. T. Bayless, American q 
ciety for Metals, and Secretary L. 
Herron, The James H. Herron Co., y | 
responsible. The Philadelphia attedf 
ance was 250, in Cleveland about 


] 


‘ 
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:- Many actions on. steel 
Fecifications and tests took place at the 
Hid-winter series of meetings of ASTM 
“fommittee A-1 on Steel held in Cleve- 
ynd, February 5-7, inclusive. The 
cl Badards related to such groups of 
ay Baucts as steel springs, carbon and 
7 oy bars, pipe and tubing, bolting ma- 
‘rials, valves, flanges, and fittings for 
» +gh- and low-temperature service, steel 
‘ergings, plates, structural steel, and 
/ ther widely used products. 
“Despite the railroad strike, these 
‘Seetings were among the best attended 
»y recent years and by the use of through 
tains, which the railroads kept operat- 
tig, and by air and car, upwards of 200 
vat 1 members, representing leading con- 
“amers and producers of steel, were 
t&esent. 
~80n Monday night, February 5, the 
STM Cleveland District held a tech- 
ical meeting at which Norman L. 
“Mochel, Chairman of Committee A-1 
‘boke at the dinner; and the Society 
resident, L. J. Markwardt, Assistant 
rector, U.S. Forest Products Labora- 
‘ory, Madison, gave an interesting ad- 
ress on “‘Development and Trends in 
»ightweight Composite Construction.” 
Bo seite the very critical shortages of 
‘loying elements, and in fact some of 
he more basic materials which go to 
i hake up steel, Mr. Mochel did not take 
i ith hiltra-pessimistic view. He felt that 
1 concerned had certainly been lax in 
“nserving and maintaining stocks of 
‘vitical alloys, particularly those which 
ile necessary for metals operating in 
‘High-temperature service; but having a 
{ J acklog of experience plus a dependable 
xchnical manpower we will pull through. 
fe stressed the importance of technical 
+ know-how” and manpower in our ma- 
arials exigency. 
» The District meeting was arranged 
ty Cleveland Chairman R. T. Bayless, 
Jissistant Secretary and Editor, Ameri- 
Yan Society for Metals, and L. F. Her- 
H0, District Secretary, Secretary, and 
Wphief Metallurgist, The James H., 
»ferron Co. 


: 
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‘| Steel Committee Actions 


| More than 150 steel specifications and 
fests are the responsibility of Com- 
jaittee A-1 on Steel. Many of these 
‘tandards were reviewed critically at 
(i 


| 
| 
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fel Committee Holds 3-Day Series of Meetings 


“any New and Revised Specifications to Result from Cleveland Sessions 


the Cleveland meetings, and several 
new proposed standards were started 
on their way for eventual Society action 
at the Annual Meeting in Atlantic City 
in June. 

It is of interest to note that one of the 
groups concerned with pipe and tubing, 
Subcommittee IX, recommended the 
Society issue, posthaste, emergency 
alternate provisions permitting a higher 
phosphorus in certain of the alloy steels 
where heavy scrap additions must be 
made. This should materially cut the 
loss of heats where it is extremely dif- 
ficult to lower phosphorus to required 
limits without undue sacrifice of im- 
portant alloys. 


Steel Track Fastenings: 


Changes in two standards involving 
track fastenings were approved subject, 
however, to letter ballot action and also 
favorable consideration by the AREA. 
In the Heat-Treated Carbon and Alloy 
Track Bolt and Nut Specification A 183, 
the strip test requirements are to be 
changed, and there is a consolidation of 
steel grades so that, eventually, there will 
be just two, a carbon steel with tensile 
strength of 110,000 psi. and an alloy with 
minimum strength of 115,000 psi. These 
changes will present a more realistic prac- 
tice. The current standard for Quenched 
Carbon-Steel Joint Bars A 49 is to be re- 
verted to tentative with some nominal 
changes in chemistry and a tightening of 
the number of test section which will re- 
quire one tension and one bend test on 
each lot of 1000 bars, or fraction, but in no 
case less than one such test on each heat. 


Structural Steel for Bridges and Buildings: 


Among the actions affecting structural 
steel were changes in the Structural 
Nickel Steel Specification A 8 to make it 
applicable for use with the General Re- 
quirement Specification A 6. This ma- 
terial requires a tensile strength of 90,000 
to 115,000 psi. minimum. Revisions in the 
Structural Silicon Specification A 284 will 
satisfy more fully the bridge engineers 
requirements. This specification now 
gives a wide range choice of mechanical 
properties with limitation in chemistry 
for various thicknesses of plate, which 
range from thin plates up to 12 in. in 
thickness. 

A new Manual on Mechanical Testing 
Procedures for Structural Steel is being 
completed with action expected soon. 
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ASTM TECHNICAL COMMITTEE NOTES 


Spring Steel and Steel Springs: 


This group completed one of the first 
ASTM steel specifications where harden- 
ability requirements are the basis of pur- 
chase. The proposed tentative covers bars 
for springs of the 8600 (nickel-chrome- 
moly) series of steels. The tentative for 
Heat-Treated Leaf Springs, A 147-49 T, is 
to be advanced to standard, the former 
standard, carrying a 739 year date, to be 
dropped. 

In the important field of music spring 
wire where Specification A 228 covers this 
high-quality material for springs, a re- 
vised table of tensile requirements will be 
adopted. This provides tensile strengths 
from 251,000 to 439,000 psi., the wire 
diameters ranging respectively from 0.156 
to 0.004 in. The tensile strength for oil- 
tempered spring wire A 229 is to be nar- 
rowed by 5000 psi, raising all minimum 
values. 


Forgings: 


In the group of specifications covering 
turbine and generator parts, involving 
larger type forgings, higher strength steels 
are being added for rings and pinions for 
reduction gears, A 290 and A 291, and for 
turbine and turbine generator rotors and 
shafts, A 292 and A 293. A new speci- 
fication for alloy steel pressure vessels was 
completed, but is subject to letter ballot 
confirmation. 

This committee is drafting a Recom- 
mended Practice for the Ultrasonic Testing 
of Forgings, which is nearing completion. 
It is also drafting standardized require- 
ments for tension testing of forgings, which 
should clarify this test. 


Steel Tubing and Pipe: 


Among the actions in Subcommittee 
IX was an appeal to set up emergency 
alternate provisions permitting higher 
phosphorus in certain alloy standards; 
the incorporation in virtually all the pipe 
and tube specifications of a range of check 
analysis for chemistry; approval of new 
specifications on seamless and welded 
tubes for low-temperature service; a new 
system of grade designations to apply to 
all of the specifications and bring better 
order in this respect; and the addition of 
new grades of low metalloid ingot iron in 
the specification A 253. 

The producers who must use scrap 
which may be high in phosphorus stressed 
the necessity for emergency action in 
raising the permissible limits so that more 
efficient use could be made of alloy steel 
for products such as still tubes, boiler 
tubes, both seamless and welded, and 
austenitic seamless and welded tubing for 
general, sanitary, and refinery service. 
While ASTM has not renewed its pro- 
cedures so widely used during World War 
IJ involving emergency specifications and 
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alternate provisions, a somewhat similar 
plan is expected. This involves the is- 
suance of “pink slips” which can be affixed 
to the specifications, and also includes 
publication of the complete provisions or 
notice in the ASTM BuLietin. 

In the steels affected, it is proposed the 
present phosphorus limits of 0.030 be 
raised to 0.045 per cent as an emergency 
measure. 

The new tentative for low-temperature 
service will cover seamless and welded 
carbon and alloy material. Three ferritic 
grades are provided, a carbon steel and 
two for nickel-silicon. Reference is made 
to austenitic grades which are suitable 
where Charpy impact values of 15 ft-lb. 
minimum are required. Rather rigorous 
requirements are incorporated and, in 
addition to chemical composition and 
tensile properties, the material is subject 
to flattening, flaring, hardness, impact, 
and hydrostatic tests. This new tube 
specification will be a companion standard 
to one recently approved for Pipe for Low- 
Temperature Service A 333. 

On grade designations, the committee 
proposes to substitute for the current not- 
too-clear ‘‘T’’ numbers a new system 
which will use the carbon, molybdenum, 
cbromium, or other major alloying element 
as the key. For example, Grade CMB 
would be the present low carbon-molyb- 
denum grade; Grade CR 21 wouid be the 
21 chromium steel and CR9 would be the 
nominal 9 per cent chromium alloy. 


Plates for Boilers and Pressure Vessels: 


The work in Committee A-1 on carbon 
and alloy steel plates for boilers and pres- 
sure vessels covers a heavy tonnage 
product, and the numerous plate speci- 
fications are widely used, many being in- 
corporated in the Boiler Code. A grade of 
plate with one per cent chromium, one- 
half per cent molybdenum was approved. 
The new Manual on Mechanical Testing 
of Steel Plates was completed, and it like- 
wise was started toward eventual approval 
in Committee A-1 and the Society. Stud- 
ies will continue of additional test re- 
quirements for steel for pressure vessels at 
low temperatures, A 300. Check analysis 
requirements were approved in the Rivet 
Specification A 31. 

It was announced at the meeting that 
Subcommittee XI’s existing specifications 
had been issued in pamphlet form; this 
includes the new standard approved late 
in 1950. General Requirements for De- 
livery of Rolled Steel Plates, A 20, with 
its 13 companion product specifications 
covering a wide range of carbon and alloy 
steels. With this system for steel plates in 
effect, there are now two similar plans, 
the other on structural steel. This pro- 
vides that general requirements, such as 
methods of conducting tests, marking, 
retests, and extensive tables of tolerances 
all of which would be common to the 
product specifications are in one compact 
document (A 20 and A 6) with the require- 
ments on chemical composition, mechani- 
cal properties, etc., concentrated in the 
product standards. 
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Bar Steels: 


ASTM has numerous specifications for 
carbon and alloy steel bars, some of these 
covering chemical requirements only, 
others are based on mechanical properties, 
some on heat treatment, while others are 
cold-finished material. One involves end- 
quench hardenability requirements, A 
304, and on the latter, intensive studies 
have been under way to improve the re- 
quirements. A complete overhauling of 
this tentative, A 304, was approved in 
Subcommittee XV. Through the use of 
extensive tables and diagrams, the com- 
mittee has prepared what is described as a 
“down-to-earth” specification which 
should have widespread application. Al- 
though still subject to letter ballot in the 
main Steel Committee, it is expected 
ASTM will be asked to publish the new 
tentative after final O.K. at the 1951 An- 
nual Meeting. 

A need for standards to govern nitriding 
steels has been indicated; two drafts have 
now been studied and after additional 
changes will again be distributed for com- 
ment. 

Two important grades of steel are to be 
added to existing standards. C 1109, a 
carbon grade used for manufacture of nuts, 
is to go in the Hot Rolled Carbon Speci- 
fication, A 107; and a nickel grade, A 
2330, in the companion Alloy Stee] Tenta- 
tive, A 322. 

Subcommittee XV considered the pos- 
sibility of standard requirements for cold- 
finished carbon steel bars, but the com- 
plexities of this product, it was felt, did not 
indicate much promise for any agreement 
on a standard at this time. 


Sheets: 


Studies of the use of hot-rolled carbon 
sheets for pressure vessels resulted in 
agreement on a new specification for ma- 
terial of flange and firebox qualities. There 
are three grades in each classification, the 
carbon content ranging from 0.15 to 0.28 
per cent. Tensile strength ranges are 
from 45,000 to 70,000 psi. with yield point 
minimum not less than half the tensile 
strength. The elongation in 8-in. gage 
length specimen ranges from 164 per cent 
in heavier thicknesses and for the higher 
strength material, to 214 per cent mini- 
mum on the thinner material in softer 
steel. 

A new specification for commercial 
quality cold-rolled sheets is to be drafted. 


Work on Wires for Electrical Conductors 


Ir 1s expected that soon 
there will be included for the first time 
in any ASTM specification covering 
metal products, a sampling procedure 
based on statistical analysis and quality 
control. At a series of meetings held at 
ASA Headquarters in New York, 
January 16 to 18, Committee B-1 
agreed to submit to letter ballot a revi- 
sion of the Standard Specifications for 
Hard-Drawn Copper Wire (B 1-49) in- 
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tivity on properties and tests of valves: 


Valves, Flanges, and Fittings for High- ana 
Low-Temperature Service: 
As usual, there was considerable ac, 


flanges, and fittings for use at both ele] 
vated and for low-temperature service: 
Work will continue on proposed standard; 
covering austenitic type welding fitting; 
and also on steel castings for low-temperar 
ture service. New requirements for aus! 
tenitic steel castings for service at elevates’ 
temperatures and pressures were api) 
proved. In the standard covering Forgy 
ings for Flanges and Fittings, A 182, thi) 
current one per cent chrome grade will bj) 
modified to the more popular 14 per cenz 
composition, A new grade of austeniti! 
steel, Type 304, is to be added to both thij 
high- and low-temperature bolting spec! 
fications. In the Nut Specification, A sn 


two grades of nickel-chromium steels usin 
selenium and titanium for free machininiy 
and stabilizing will be added. | 
Among the recommendations affectinil) 
pipe for service at elevated temperaturd: 
were the approval of check analysis rang¢a 
in several specifications, more precise defy 


sions to develop new standards coveri 
fusion-welded alloy pipe, which involv 
heavy wall thicknesses and sizes; and al: i 
to consider a specification for centrifugal 1) 
cast steel pipe in the ferritic grades. Til] 
latter study will parallel similar work i:|/ 
volving the austenitic grades. i 

The action calling for emergency if 
crease of the permissible phosphor»: 
limits from 0.003 to 0.045 per cent wy 
asked in the Alloy Pipe Specifications @ 
158 and A 312. A study committee wi) 
set up to coordinate the various grade de! 
ignations used in the family of specific” 
tions covering castings, pipe, weldil) 
fittings, forgings, and bolting. | 


Bolting: 

For a period of two years, the wed! 
test, as a supplement to the tension te) 
for determining the mechanical propert* 
of quenched and tempered steel boil’ 
Specification A 325, has been under cc 
sideration. A revision has been agrenl: 
upon using the wedge under the head of ti!) 
bolt as a means of assuring a proses 
headed bolt. 


Most of the above actions are subject to let)! 
ballot confirmation in the subcommittees andi!) 
main Committee A-1 on Steel before submiss:!) 
to the Society for approval. 


ae 


cluding these provisions. Work v|/ 
authorized along similar lines on “/) 
Standard Specifications for Soft or /| 
nealed Copper Wire (B 3-45). 

In 1942 the Society published in |) 
PROCEEDINGS a proposed specificati{l” 
for tinned hard-drawn and mediul” 
hard-drawn copper wire for electri} 


1 
purposes. This draft has been revill 
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S agreement has been 
ached on the method for physical 
sting individual wires removed from 
soft stranded cables covered by 
ntative Specifications B 172, B 173, 
dB 174. Such tests are presently 
ivered in the Standard Specifications 
+r Concentric-Lay-Stranded Copper 
wbnductors, Hard, Medium- Hard, or 
ft (B 8-50), but difficulty had been 
‘countered in 1949 in applying similar 
sts in Specifications B 172, B 173, and 
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B 174. It is now felt that revisions in- 
corporating these changes may become 
effective in 1951. 

The Standard Specifications for Lead- 
Coated and Lead-Alloy-Coated Soft 
Copper Wire for Electrical Purposes 
(B 189—50) include provisions for a 
lead alloy coating containing a maxi- 
mum of 20 per cent tin. It has been 
suggested that an alloy containing 40 to 
50 per cent tin would be more suitable 
for coating fine wire and a special group 


has been appointed to study this prob- 
lem. 

In 1949 the Society published the 
Tentative Specifications for Standard 
Weight Galvanized (Zinc-Coated) Steel 
Core Wire for Aluminum Conductors, 
Steel Reinforced (ACSR) (B 245). 
Experience with the specification has in- 
dicated the need of certain revisions in- 
cluding the requirements of the wrap 
test and permissible variations in diam- 
eter of the wire. Also being developed 
is a specification covering the more 
heavily coated ACSR wire. 


if By ALL means the most 
‘enificant development at the meetings 
+ Committee B-5 on January 30 and 31 
~, ASTM Headquarters was the series 
"| general requirement specifications 
‘pvering wrought products. The pro- 


“fasses of products: 


1. Copper and copper alloy plate, 
sheet, and strip. 
Copper and copper alloy rods, bars, 
dq and shapes. 
_/ 3. Copper alloy wire. 
' 4, Copper and copper alloy tubular 
products. 


These proposed specifications were 


New Standards for Copper and Copper Alloys 


developed along somewhat the same 
lines as the Tentative Specifications for 
General Requirements for Delivery of 
Rolled Steel Plates, Shapes, Sheet Pil- 
ing, and Bars for Structural Use (A 
6-50 T) and the General Requirements 
for Delivery of Rolled Steel Plates of 
Flange and Firebox Qualities (A 20-50 
T), under the jurisdiction of Committee 
A-1. These so-called general specifica- 
tions include requirements applicable to 
a group of products, for example, sam- 
pling and number of tests, methods of 
test, retests, workmanship, inspection 
and dimensional tolerance tables. The 
general specification is referred to in the 
individual product specifications, and as 


a consequence a great volume of repeti- 
tive material is eliminated. 

Committee B-5 is now engaged in re- 
vising its various wrought product 
quality specifications so that the ma- 
terial included in the general specifica- 
tions will be covered only by reference. 

Also being developed by subcom- 
mittees are specifications for copper 
alloy forgings, for automotive and re- 
frigeration tubing, and for copper and 
copper alloy centrifugal castings. Be- 
cause it was deemed desirable to stand- 
ardize on the grades of copper-base 
nickel-tin-zine casting alloys now being 
developed for industrial usage, it was 
decided to appoint a task group to draft 
a specification for these materials. This 
will be published for comment and 
criticism. 


IN DEVELOPING the ASTM 


¥{ questions arose, one of the most 
aportant of which concerned the use 
#f test site facilities other than by 
“STM committees. 

‘After carefully considering the ad- 


ommittees 


The American Society for Ne: 
Testing Materials established 
in 1941 the Advisory Committee 
on Corrosion, which committee 
is responsible for the acquisition 
and maintenance of ASTM 
exposure test sites and the re- 
view of all proposed exposure 
programs at these sites. This 
review includes tests sponsored 
by ASTM Technical Commit- 
| tees and by others who wish to 
iN use ASTM test site facilities. ie 


/ 1. All applications for use of ASTM 
jest site facilities shall be made in writing 
jo Advisory Committee on Corrosion or 
o the Executive Secretary of the Society. 
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Use of ASTM Corrosion Test Sites 


visability of permitting such use of test 
site facilities, the Advisory Committee 
on Corrosion developed a set of rules 
which would need to be complied with. 
These rules were subsequently approved 
by the ASTM Board of Directors at 


ules Governing use of ASTM Exposure Test Sites other than by ASTM 


If the Advisory Committee on Corrosion 
approves the application, it will so advise 
the Executive Secretary of the Society 
who will inform the applicant and con- 
clude the arrangements. Such arrange- 
ments shall include a letter form agree- 
ment setting forth (a) test rack location or 
locations, (b) the specific test rack struc- 
tures or locations within the test sites, (c) 
the definite period of time for which per- 
mission is granted to use the ASTM facili- 
ties, and (d) agreement by the applicant 
to abide by these Rules Governing Use of 
Exposure Test Sites Other than by ASTM 
Committees. 

2. The materials or products to be 
exposed and the purpose for which the 
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their meeting on January 16, 1951, and 
will appear in the 1951 Year Book as a 
part of the Regulations Governing 
Corrosion Testing. 


Interest in this question has been 
sufficient to warrant publication prior 
to the issuance of the 1951 Year Book 
and they are being printed herewith 
in their entirety. 


test is made shall be within the scope of 
the American Society for Testing Mate- 
rials. The materials or products shall 
be described and characterized by ade- 
quate laboratory and inspection tests 
approved by the Advisory Committee on 
Corrosion, and not identified by brand 
names, trade names, or similar terminol- 
ogy. 

3. The form and size of the exposure 
specimens shall be acceptable to the 
Advisory Committee on Corrosion and 
in keeping with the space available at the 
site. The Committee shall also approve 
the details of specimen exposure, such as 
method of attachment, spacing of speci- 
mens on the test racks, location on the 
racks to avoid sheltering or shielding of 
other exposure tests, size of specimens, etc. 
All expenses in connection with the prepa- 
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ration of specimens, special supporting 
structures and attachment devices of any 
kind, transportation charges to the site, 
erection, etc., shall be borne by the ap- 
plicant. The applicant shall submit to 
the Committee for approval a statement 
of the methods that he proposes to use In 
inspecting the materials or products ex- 
posed. 

4. The applicant shall notify the 
Committee one month in advance of 
making any inspection and obtain ap- 
proval of the time selected. 

5. The Committee, at its discretion, 
may require the presence of a representa- 
tive of the Committee when exposure, 
inspection, or removal of specimens is to 
be made. Traveling and living expenses 
of the Committee’s representative shall be 
borne by the applicant. 

6. The applicant shall make available 
to the Advisory Committee on Corrosion 
the results of its inspection test reports, 
etc., and agree to publication of such in- 
spection data in the ASTM Bu t.errn or 
other Society publications if so desired 
by the Committee. The applicant shall 
agree not in any way to publish, advertise, 
identify, or compare his materials or prod- 
ucts exposed at the ASTM test site with 
any particular set of test results in ASTM 
publications, unless the written approval 


of the Executive Secretary of the Society 
is secured. ; 

7, The applicant shall agree to reim- 
burse the Society for any damages to the 
test racks, or to other specimens exposed 
on the test racks, or to enclosure fences 
surrounding the ASTM test site, as a re- 
sult of the applicant’s exposure test or 
visits to the test site by the applicant’s 
personnel. ; : 

8. In case the applicant fails to abide 
by any of the rules outlined above, the 
Society reserves the right to terminate its 
agreement forthwith and remove from the 
test site any of the applicant’s materials 
or products remaining therein. 

9. If the application is granted, the 
Society assumes no responsibility for any 
damage to the applicant’s specimens, nor 
for injury to any of the applicant’s per- 
sonnel engaged in erecting, inspection, or 
removing specimens. 


Approved by ASTM Board of Directors 
January 16, 1951 


‘Financial support of this broad pro- 
gram continues at a gratifying rate. 
During the month of January, contribu- 
tions totaling $10,550 were received 
from 15 companies, making a total of 
$73,200 received to date. The com- 


panies contributing prior to January 
1951, were listed in the January BuLLE 
vin. The 15 companies which com) 
tributed during the month of Januar) 
are listed below: f 


Automatic Electric Co. 
Bohn Aluminum & Brass Corp. 
Celanese Corp. of America 
Chrysler Corporation 
Consolidated Gas and Electric Ligh 
and Power Co. of Baltimore 
Deere & Co. 
International Harvester Co. 
Johns-Manville Corp. | 
Kaiser Aluminum & Chemical Corp. 
Spencer Kellogg & Sons 
Pittsburgh Steel Co. 
Pratt & Lambert, Inc. 
Singmaster & Breyer 
Standard Oil Co. of California 
Westinghouse Air Brake Co. 


The next meeting of the Advisory 
Committee on Corrosion will be hell 
in March and the latest developmeniir 
in the establishment and equipping «} 
the test sites will be discussed at thei 
time. A subsequent issue of the ASTI 
BULLETIN will carry a summary of thei}: 
developments. 


Standards and Research Work on Acoustical Materials; 


Includes Application and Maintenance 


It Is apparent from dis- 
cussions in Committee C-20 on Acous- 
tical Materials that the need for stand- 
ards in this field is very broad. Such 
factors as application and maintenance 
play an important part in the perform- 
ance of acoustical materials, so that the 
committee has organized two active 
subcommittees covering these phases. 

The center of activity, of course, still 
is the development of standards for 
measuring sound absorption. This 
subcommittee has several cooperative 
test programs under way, one to es- 
tablish the extent of agreement of re- 
sults among several reverberation cham- 
bers using three commercial materials. 
These materials have now been selected, 
two being acoustical boards and one 
being fiber glass. Several laboratories 
will cooperate in the program. 

A task group is studying recent im- 
provements in the box method appara- 
tus which have extended its frequency 
range. In this method four frequencies 
are used for the purpose of plotting 
sound level values against absorption 
coefficients. A copy of a report cover- 
ing work done to date will be distrib- 
uted. A task group is working on a 
“close-up” method which is for use on 
completed installations for which the 
reverberation chamber is not suitable. 
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Data are being collected on the long 
tube apparatus which can only be used 
at a frequency of 512ke. A short tube is 
being developed for use with various 
frequencies and it is expected that it 
will replace the long tube apparatus. 
Round robin tests will be run to estab- 
lish the value of the impedance tube 
method, the equipment for which at this 
time varies considerably especially in 
respect to the size of tube. 

The Subcommittee on Fire Resistance 
reviewed the work of Committee E-5 
on Fire Tests, especially the recent ac- 
tion to adopt the tunnel test method. 
It was the consensus that this method, 
being restricted as to the availability of 
apparatus, does not meet the needs of 
the committee. After considerable 
discussion, a task group was authorized 
to investigate the suitability of the 
panel test similar to that described in 
the Federal Specification SS-A-118. A 
group was instructed also to review the 
work being done on fire resistance 
methods in ASTM Committees C-16 
and D-1. 

The Subcommittee on Maintenance 
was informed of the relatively high cost 
of maintenance of acoustical ceilings in 
public buildings, as against plastered 
ceilings. The subcommittee recom- 
mended that research programs be in- 
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augurated on paintability and the ii) 
vestigation of means of combatin) 
staining of acoustical materials. In thi! 
work the cooperation of the Acoustici) 
Materials Assn. will be solicited. 


of acoustical materials, the Subcom 
mittee on Application is concerned wii! 
test methods and specifications on tht 
material. Close liaison with Committ) 
D-14 on Adhesives is felt necessary. 

The Subcommittee on Other Physic# 
Properties has been reviewing a numhs 
of physical properties for which stam 
ard test methods might be desirable. J | 
task group will write and distributes |: 
method of measuring flow resistance ¢ 
perforated materials as a control tet’ 
for sound absorption. A review of til) 
present ASTM methods for measurii! 


thermal conductivity, the guarded bby 


plate (C 177) and the hot box methiae 
(C 236), indicates suitability for use wd! 


acoustical materials without furtli¢ 


materials will be distributed for co 
ments. This method involving t#) 
Baumgartner sphere has also been pj 
sented to Committee E-12 on Appeléh 
ance for comments. A review was p| 

sented of test procedures which haf 
been in use and which the Commiti¢ 
might standardize including an inden\ 
tion test and methods for abrasion 
sistance, toughness, transverse streng’ 


review will be prepared for circulation to 
the subcommittee. 

The committee will hold its next 
meeting during the 1951 Annual Meet- 
ing of the Society in Atlantic City. It 


} SEVERAL significant tech- 
fical papers and intensive work on 
»andard specifications and test methods 
re “on the docket”’ of Committee D-12 
om Soaps and Other Detergents for its 
eetings on March 19 and 20 at the 
‘jlotel Park Sheraton in New York City. 
vhis ASTM Committee usually holds 
nly one intensive series of meetings a 
rear. 
_A number of technical papers by 
nembers of the committee or other 
waders in this field will be presented 
ing the two-day sessions. Some of 


+ Laboratory Performance Test for Deter- 
gents Used in Continuous Scouring of 
Raw Wool, E. A. Leonard, Alexander 
Smith and Sons Carpet Co. 


of Anion Active Agents on Materials 
Commonly Washed, W. A. Fessler, 


echnical Papers to Feature March Meeting of Committee 
)-12 on Soaps and Other Detergents 


The Solvay Process 
Chemical and Dye Corp. 

A Film on the Mechanical Effect Pro- 
duced in Launder-Ometer Jars, O. C. 
Bacon, E. I. du Pont de Nemours and 
Co., Ine., Technical Lab. 

The Use of Radioactive Tracers in the 
Evaluation of Metal Cleaners, H. R. 
Suter, Wyandotte Chemicals Corp. 


Div., Allied 


Prior to the main meeting of the com- 
mittee on March 20, there will be ses- 
sions of the various subcommittees. 

Committee D-12 has its subcommit- 
tees arranged according to three main 
classifications: 


(1) Methods of Testing.—This group is 
concerned with the analysis of soap, syn- 
thetic detergents, drying cleaning mate- 
rials, alkaline detergents, metal cleaners, 
and physical testing. 

(2) Specifications—This group is con- 
cerned with soaps, synthetic detergents, 


t A NEw technical commit- 
yee which is to concentrate its work on 


“nospheric sampling and analysis, the 
fF election of acceptable nomenclature 
and definitions, and the stimulation of 
f fesearch to accomplish the foregoing 
| urposes, held its organization meet- 
yng at ASTM Headquarters on January 
i). Dr. L. C. McCabe, Chief, Air and 
os Pollution, U. S. Bureau of 
‘Mines, who had been designated Tem- 
>orary Chairman of the new committee, 
resided. 

p This committee was authorized in 
11950 by the Board of Directors after 
Hiscussions and conferences in which 
‘‘epresentatives of the Government, 
industry, and others concerned partici- 
‘sated, with the general consensus 
that an ASTM technical committee 
‘could render considerable service. 

» A number of situations have focused 
fattention in recent years on the serious- 
mess of atmospheric pollution and the 
necessity of considering what remedial 
measures might be taken. Great 
amounts of money have been spent by 
industry to correct various problems. 
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ew lIechnical Committee D-22 Organized; to Cover 
Methods of Atmospheric Sampling and Analysis 


And yet underlying all of the discus- 
sions whether from the standpoint of 
reducing air pollution or studying local 
atmospheric conditions, etc., there has 
been a basic need for methods of 
sampling and analysis. Many problems 
are involved, but with the realization 
that the Society, through its time-tested 
procedure of bringing together various 
technical viewpoints on intricate prob- 
lems, might aid in achieving construc- 
tive results, the Board decided to pro- 
ceed. The committee will not be con- 
cerned with the fixing of permissible 
limits or with enforcement problems. 


New Technical Commattee: 


Both at the organization meeting 
of the main committee, and at a prior 
meeting of a steering committee which 
had been appointed, problems of scope 
and organization were considered. 
Whether the work would be confined 
entirely to outside environments was 
resolved with the decision that the 
committee would include both plant 
and outside environments. 

Originally it was felt the committee’s 
title and its scope would include some 
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will be in conjunction with the pres- 
entation of a Symposium on Acoustical 
Materials sponsored by the committee. 
Notes on this appeared on page 17 of the 
January BULLETIN. 


dry cleaning, and alkaline detergents. 

(3) General or Miscellaneous Subjects.— 
This includes work on nomenclature and 
definitions. 


At the meeting in New York City, 
the subcommittee on physical testing 
will hold a round-table discussion on the 
various wetting evaluation methods. 

Committee D-12 has issued some 35 
standard specifications and test meth- 
ods, and a number of proposed methods 
have been published to elicit criticism. 
In the latter category are tests for pH 
of Aqueous Solutions of Soaps and 
Detergents and for Foaming Proper- 
ties of Surface-Active Agents. 

New tentative specifications issued 
in 1950 cover Chip or Granular Soap and 
Solid Soap for Low-Temperature Wash- 
ing, Low and Medium Titer (ASTM 
D 1111 and D 1112, respectively). 

Detailed schedule of the meetings 
can be procured by writing to the Secre- 
tary of Committee D-12: H. R. Suter, 
Wyandotte Chemicals Corp., Wyan- 
dotte, Mich. 


reference to “pollution” or “air con- 
tamination,” but the group concluded 
that any such references would narrow 
the scope unduly because actually 
much of the work may concern normal 
constituents and materials which are 
not toxic or injurious. 


Subcommittee Structure; 


In considering working subcommit- 
tees, there was agreement on the neces- 
sity for an Executive Group, one to 
consider Nomenclature and Units, and 
one on Instrumentation. | Whether 
there should be separate groups on 
Sampling and Analytical Methods was 
discussed at some length, and al- 
though there was some sentiment that 
work involving both sampling and 
analytical methods should be in one 
group that could concentrate on par- 
ticulate matter, aerosols, ete., there was 
finally agreement that the variety of 
problems could better be handled by 
two separate groups, and therefore the 
initial subcommittee organization will 
be as follows: 


Executive 


I. Nomenclature and Units 
II. Methods of Sampling 
III. Analytical Methods 
IV. Instrumentation 
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Initial Projects: 


Rather than devoting considerable 
time at the meeting to a discussion of 
various projects that should be con- 
sidered first, the committee is to handle 
this by a questionnaire which will soon 
be distributed to the personnel. The 
resulting data will be analyzed and then 
discussed before assignments are under- 
taken. 


Some Problems: 


Some subjects which the committee 
is expected to consider might be noted. 
There is need for both integrated and 
instantaneous sampling procedures. 
Methods of analysis should be consid- 
ered for aerosols and gases. Difficulties 
in the use of the Ringleman chart need 
study, particularly the checking of 
duplicate readings; hence, smoke 
density determination will be included. 
Clarification of terminology of measure- 
ment units will certainly be on the 
committee’s docket. 


PERSONNEL AND OFFICERS 


The initial personnel of the committee 
as developed by the steering committee 
has diversified interests represented. 
The following personnel was agreed on, 
but the membership is not necessarily 
closed and applications for membership 
will receive every consideration. The 
personnel, in general, however, is on a 
representational basis. 

The election of permanent officers 
for the committee resulted as shown in 
the following list: 


Chairman: L. C. McCabe, Chief, 
Office of Air and Stream Pollution, 
U. S. Bureau of Mines, Washing- 


tones Ce: 

Vice-Chairman; F. 8S. Mallette, 
American Steel and Wire Co., 
Cleveland, Ohio 

Secretary: H. H. Schrenk, Research 
Director, Industrial Hygiene Foun- 
dation of America, Inc., Pittsburgh, 
pay 


ComMMITTEE D-22 PERSONNEL 


Air Pollution and Smoke Prevention, 
Association of America, H. P. Munger 
Aluminum Company of America, Re- 
search Laboratories, L. V. Cralley 
American Air Filter Co., J. W. May 
American Conference of Governmental, 
Industrial Hygienists, P. D. Halley 
American Foundrymen’s Society, F. C 
Fluegge = 
American Gas Association, K. R. Knapp 
American Industrial Hygiene Association, 
A. D. Brandt 
American Iron and Steel Institute, F. S. 
Mallette 


American Petroleum Institute, L. C. 
Burroughs 
American Smelting and Refining Co., 
D. Thomas 


American Society of Mechanical Engi- 
neers, M. D. Engle 

American Welding Society, H. F. Rein- 
hard 

Armour Research Foundation, W. T. 
Savage 

Association of Edison Illuminating Co., 
E. F. Wolf 

Association of American Railroads, V. E. 
Amspacher 

Association of American Soap and 
Glycerine Producers, R. L. Kramer 

ASTM Committee D-19 on Industrial 
Water, Max Hecht 


ASTM Committee E-2 on Emission Spee: 
troscopy, B. F. Scribner _ 
Atomic Energy Commission, W. B 

Harris 
Beckman Instrument Co., A. O. Beckmar 
Bituminous Coal Research, Inc., H. 

Hebley f ; 
Boyce Thompson Institute, P. Zimmermar 
Connor Engineering Corp., W. B., Amo 

Turk 
Dow Chemical Co., E. M. Adams 
Edison Electric Institute, E. F. Wolf 
General Electric Co., B. Vonnegut a 
General Motors Corp., D. Milne and F. Al 

Patty , 
Gray Iron Founders Society, Inc., M. | 

Degley 
Harvard School of Public Health, I) 

Silverman 
Industrial Hygiene Foundation, H. H 

Schrenk 
Johns-Manville Research Center, D. Siri 

clair } 
Leeds and Northrup Co., G. A. Perley 
Little, Arthur D., Inc., W. J. Smith 
Manufacturing Chemists Association, c 

A. Gosline 
McCabe, L. C. (U. S. Bureau of Minese 
Mine Safety Appliance Co., W. P. Yant {/ 
National Bureau of Standards, M. Shey 


Assn., M. W. Westgate 
National Research Council of Canadi¢ 

M. Katz | 
Ohio State University, C. E. Lapple 
Radio Corporation of America, 8S. B. Deli 
Roberts, L. M. (Research Corporation) } 
Schmidt, Walter (Western Precipitatici 


Corp.) 
Stanford Research Institute, P. L. Magy 
Technical Association of the Pulp a 

Paper Industry, J. P. Casey 
University of Cincinnati, Jacob Cholak 
University of Illinois, H. F. Johnstone 
U.S. Dept. of Army, S. D. Silver 
U.S. Public Health Service, G. D. Cla 


ton 


New Committee on 
Chemical Cellulose 


As a result of several con- 
ferences at which were present repre- 
sentatives not only of producers and 
consumers of cellulose, but also of ex- 
isting ASTM technical committees and 
other technical organizations, the Board 
of Directors at its January meeting 
authorized the formation of a new tech- 
nical committee to work in the field of 
cellulose and its derivatives. 

Although a number of existing ASTM 
groups have been doing some work on 
cellulose in general, this has been a 
fringe activity, and it was felt that a 
committee concentrating on methods of 
test, recommended practices, and re- 
lated standards could render distinct 
service to many groups. 

The exact scope of the committee re- 
mains to be delineated, and further in- 
formation will be given concerning this 
and the personnel which is in course of 
development. 


20 


ERRATA 


ASTM Standards on Petroleum Products and 
Lubricants, November, 1950 


Own pace 430 in the Tenta- 
tive Specifications for Diesel Fuel Oils 
(D 975-50 T) the test temperature for 
the corrosion test specified in Section 3 
(¢) should be 122 F. and not 212 F. as 
printed. Section 3 (7) as corrected should 
read as follows: 


(2) Corrosion.—Tentative Method of 
Test for Free and Corrosive Sulfur in 
Petroleum Products (ASTM Designa- 
tion: D 130), 3 hr. at test temperature 
of 122 F. The exposed copper strip 
shall show no gray or black deposits. 


Symposium on Plasticity and Creep of Metals 


WE HAVE just discovered 
that Figs. 7 and 8 of the paper on “Form- 
ing Parameters and Criteria for Design 
and Production” by William Schroeder 
in the Symposium on Plasticity and Creep 
of Metals, were interchanged in making 
up the symposium. The figure now appear- 
Ing on page 24 is really Fig. 8 and that on 
page 27 is Fig. 7. 
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Stress Analysis 


An “Introduction to Expe 
mental Stress Analysis,” by George H. Lil 
is a new presentation of the theory, instr?) 
mentation, and basic techniques involv 
in the most commonly used methods 5), 
stress analysis. In the book Mr. Lee fii 
establishes an adequate theoretical baci 
ground and then devotes the rest of ‘if 
book to methods, instruments, and tec: 
niques employed. Ne 


He covers mechanical and com 


strain gages, as well as the resistance wi 
strain gage. A basic study of the photi) 
electric method is made. The brit 
lacquer method, the membrane and ele! 
trical analogies, the Begg’s deformeter, a: 
certain other miscellaneous methods eli 
also described. There is a section on t! i 
evaluation of experimental errors and t} 
transmission of these errors through coi 
putations. 

The 320-page book, with numerous illt 
trations, diagrams, and curves, sells 
$5.50 and is published by John Wiley\| 
Sons, Inc. | 


jociety Meeting 


mnouncement was made of the 1951 
iE pnual Meeting of the Forest Products 
research Society. This meeting, to be 
i eld in Philadelphia from May 7 to 11, 
ill include an exhibit of equipment and 
‘yood products of considerable extent. 
| n interesting feature will be a logging 
~ nd sawmill show held outdoors. 
! The several technical sessions, cover- 
4 ag various phases of the wood industry, 
|jre being co-sponsored with other in- 
Merested societies including ASTM. The 
‘STM session will, as would be ex- 
ebected, consist of papers dealing with 
he testing of wood or associated ma- 
Merials. A tentative list of the subjects 
» of proposed papers includes: 
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fi Tests and Properties of Tropical 
Woods. 

2. The Properties of Second-Growth 

] 

1 

/ 

| 


Redwood. 
3. Fatigue Tests of Wood. 


A LATE January press 

‘association dispatch from Washington 
Bi dicatos that President Truman has 

Tpstablished a five-man materials policy 
Tsommission to study ‘‘the broader and 
Jonger range aspects of the Nation’s ma- 
Werials problems as distinct from im- 
‘mediate defense needs.” ASTM mem- 
ders will no doubt be interested in the 

personnel of this group which is indi- 
Yeated to be as follows: William S. 
Paley, Chairman, Columbia Broadcast- 

ng System, will head the new group; 

ther members are George R. Brown, 


fb 


Brick and Tile Engineering 


A NEw volume of engineering 
yoate on brick and tile construction has 
oeen published by the Structural Clay 
| B Products Institute, prepared by Harry C. 
/Plummer, Director of Engineering and 
Technology. This volume is the revised 
edition of two books published earlier en- 
stitled, “Brick Engineering” and “Tile 
)Engineering,” brief reviews of which ap- 
‘ipeared in the ASTM Butuerr. 
| The combined edition now describes 
the origin, manufacture, types, and prop- 
werties of structural clay products and the 
}properties and design of brick and tile 
walls. Brick and tile wall sections and de- 
tails, mortar, design of chimneys and fire- 
jplaces, fireproofing, and furring are dis- 
‘cussed together with general specifications 
for masonry construction. Modular co- 
ordination is described in a special chapter. 
| This volume consisting of 392 pages is 
| available from Structural Clay Products 
| Inst., 1520 18th St., N. W. , Washington 6, 
| 'D. Cc, at $5 per copy. 
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ASTM to Sponsor Session at Forest Products Research 


4. Methods of Evaluating Wood Pre- 
servatives, 

5. The Chemical Composition of Eight 
Tropical Woods as Indicated by 
Proximate Analysis. 


These papers will be under the direct 
sponsorship of Committee D-7 on 
Wood of which President Markwardt is 
Chairman. It would seem that a good 
many ASTM members will find it 
worth while to attend this Annual Meet- 
ing of the F.P.R.S. and its exhibits. 

The themes of the other sessions ap- 
pear extremely interesting and include: 
Logging and Primary Processing: New 
Machinery, Machining and Production 
Methods; Conversion of Woods and 
Mill Scrap; Mobilization of the Wood 
Industry; Glues and Gluing; Wood 
Treatment; Wood Fuel; Training Men 
for Wood Industries; and Wood Fab- 
rication Problems and Joint Troubles. 


resident Truman Appoints Materials Commission 


Houston, Texas, business executive and 
engineer; Eric Hodgins, author and 
former Fortune Magazine editor; Arthur 
H. Bunker, Partner, Lehman Brothers, 
New York investment firm; and Ed- 
ward 8. Mason, Dean, Graduate School 
of Public Administration, Harvard Uni- 
versity. 

The President is quoted as saying 
“we cannot allow shortages of ma- 
terials to jeopardize our national secu- 
rity nor to become a bottleneck to our 
economic expansion.” 


1949 Proceedings of the Highway 
Research Board 


WE HAVE received the Pro- 
ceedings, 29th Annual Meeting, Highway 
Research Board, which was held in Wash- 
ington, December, 1949. This Board, 
organized under the auspices of the 
Division of Engineering and Industrial 
Research of the National Research Coun- 
cil provides a national clearing house for 
highway research activities and informa- 
tion. One important purpose is to provide 
a forum for the presentation and discus- 
sion of research papers and _ reports. 
This publication represents the written 
record of the forum as held in 1949. 

The volume is divided into sections 
covering the several phases of highway 
work such as economics, finances, and 
administration; design; materials and 
construction; maintenance; traffic and 
operations; ‘and soils. The headquarters 
of the Highway Research Board is Jo- 
cated at the National Research Council 
Building, Washington 25, D. C. 
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Calendar of Other Society Events 


“Long and “‘short’’ calendars will appear in 
alternate BULLETINS. The ‘‘short’’ calendar 
notes meetings in the few immediate weeks 
ahead—the ‘‘long’’ calendar for months ahead. 


AMERICAN InstITUTE OF Mrnine & Merat- 
LURGICAL HNGINEERS—Annual Meeting, 
February 18-22, Jefferson Hotel, Metals 
Branch Session, Statler Hotel, St. Louis, 
Mo. 

TECHNICAL ASSOCIATION OF THE PULP AND 
Parer Inpustry—Annual Meeting, Feb- 
ruary 19-22, Commodore Hotel, New 
Yorken- Y¥2 

AMERICAN CONCRETE INsTITUTE—Conven- 
tion, February 20-22, Hotel St. Francis, 
San Francisco, Calif. 

IntTER Society Cotor Counciir—Annual 
Meeting, February 28, Washington, D. C. 

AMERICAN CoNncRETE Pipr ASSOCITATION— 
43rd Annual Convention, March 1-3, 
Waldorf-Astoria Hotel, New York, N. Y. 

CANADIAN Society oF THE Puastics Inpus- 
TRy—Annual Meeting, March 5-6, Mount 
Royal Hotel, Montreal, Quebec, Canada. 

Tue PirrsBuRGH CONFERENCE ON ANALYTI- 
CAL CHEMISTRY AND APPLIED SPECTROS- 
copy—Joint Meeting—Exposition of 
Modern Laboratory Equipment—March 
5-7, Pittsburgh, Pa. 

American Society for Testing Materials— 
Spring Meeting and Committee Week, 
March 5-9, Cincinnati, Ohio. 

Soctrnry For APPLIED SpEcTROscopy— March 
8, Socony-Vacuum Training Center, New 
York, Ney. 

NaTIONAL ASSOCIATION OF CORROSION EN- 
GINEERS—Conference and Exhibition, 
March 13-16, Statler Hotel, New York, 
INS 

AMERICAN Society oF Toot EnNGINERRS— 
Annual Meeting, March 15-17, Hotel New 
Yorker, New York, N. Y. 

InstitTuTE Rapio Encinrers—National 
Convention, March 19-22, Waldorf-As- 
toria Hotel and Grand Central Palace,, 
New York, N. Y. 

77H Western Metat Congress & Ex- 
positron—March 19-23, Oakland, Calif. 


Prevention of Deterioration 


Tue ‘Prevention of Dete- 
rioration Abstracts,” published by the Na- 
tional Research Council (Prevention of 
Deterioration Center, Room 204), 2101 
Constitution Ave., Washington 25, D. C., 
are offered for subscription on a yearly 
basis. Abstracts are classified under the 
headings: Biological Agents; Electrical 
and Electronic Equipment; Fungicides 
and Other Toxic Compounds; Lacquers, 
Paints, and Varnishes; Leather; Lubri- 
cants; Metals; Miscellaneous; Optical 
Instruments and Photographic Equip- 
ment; Packaging and Storage; Plastics, 
Resins, Rubbers, and Waxes; Textiles 
and Cordage; and Wood and Paper. 
One volume of approximately 2000 loose- 
leaf pages is published each year in 
monthly issues. Subject and author in- 
dexes are compiled annually to cover ab- 
stracts issued from July through June. 
The yearly rate of $50 includes two sturdy 
binders and index.tabs. 

Also, an ‘Advance List,’ a monthly 
bibliography of all reports received in this 
field, is available for $10 a year. 

The information contained in these ab- 
stracts should be of value especially to 
those concerned with military supplies to 
be used in arctic or tropic latitudes. 


21 


Statics and Strength of Materials, by 
Messrs. Draffin and Collins 


Two active members of 
ASTM, at the University of Illinois, 
Messrs. Jasper O. Draffin and W. Leighton 
Collins, Professors of Theoretical and 
Applied Mechanics, have collaborated to 
produce this interesting textbook. It is 
designed specifically for students in 
engineering and architectural courses and 
embodies many references to data in 
ASTM publications, including standards. 
Perhaps the following portion of the 
preface by the authors will convey a 
concept of the purpose of this excellent 
publication: 


“This book is specifically designed to 
meet the recognized need for an elementary 
text covering statics and strength of ma- 
terials, usable and understandable by the 
many students in technical and archi- 
tectural courses who do not expect to 
pursue a rigorous engineering curriculum 
of four or five years, and who consequently 
do not carry their mathematics beyond 
college algebra and trigonometry. It is 
also suitable wherever it is found desirable 
to begin the study of mechanics before the 
calculus has been completed. 

“The distinctive and somewhat unusual 
combination of the two subjects in one 
volume results directly from these needs 
and purposes. In statics, coplanar force 
systems are treated in detail by the alge- 
braic method, and a chapter is devoted to 
explanation of force systems in space. 
The strength of materials portion covers 
simple structural elements involving direct 
stress, including welded connections, tor- 
sion, bending, and column action. While 
special topics of an advanced nature are 
not considered, the subject matter in- 
cludes almost all which is commonly 
taught in the classroom. In a compre- 
hensive chapter on the mechanical proper- 
ties of materials and working stresses, 
data are presented for the more modern 
materials, such as light-weight alloys, 
high-strength steel, and plastics. The 
growing importance of the resistance of 
materials to energy, creep, repeated load- 
ing, and of stress concentrations, is recog- 
nized by a brief treatment of each of these 
topics.” 


Some 100 pages of the book in Part I 
are devoted to the field of statics, with 
250 pages on strength of materials, 
in Part II. Following each chapter, 
there are a large number of problems 
which have been selected to cover broadly 
the fields of structures and machines, and 
some of these problems tie in with ASTM 
specifications. On this subject of speci- 
fications the authors have this to say: 


Specifications.—‘In order to insure that 
the quality of material which is in the 
mind of the designer is actually incor- 
porated in the structure or machine, speci- 
fications are written which state the char- 
acteristics and properties of the material 
which is tobe used. A specification states 
exactly what kind of material is to be 
furnished by the manufacturer or seller 
and the limits within which the different 
properties must fall. Most municipal and 
similar codes specify the quality of the 
material by referring to the specifications 
adopted by a standard specification writ- 
ing body; probably the specifications 
most quoted for materials are those of the 
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American Society for Testing Materials, 
usually abbreviated to ASTM.’ 


The authors have incorporated a great 
amount of information through the use of 
extensive tables. There are a tremendous 
number of figures and diagrams, the total 
being 467; with the book itself totaling 
just over 400 pages one gets an idea of the 
wealth of illustrative material embodied. 

Copies of this well-printed publication 
may be procured from the publishers, 
The Ronald Press Co., 15 E. 26th St., 
New York, N. Y. This book is one in a 
series in Engineering Mechanics edited by 
Glenn Murphy, another active ASTM 
member who is Professor of Theoretical 
and Applied Mechanics, Iowa State 
College. It is $6.50 per copy. 


New York and Pittsburgh Meetings 


ConFrirMATION of two inter- 
esting meetings in New York and Pitts- 
burgh has been received. In New York, 
on March 16 at the Engineering Societies 
Building at 7:30, two technical leaders will 
discuss aspects of synthetic fibers. On 
March 29 in Pittsburgh, during the In- 
strument Society of America’s symposium 
on “Instrumentation for the Iron and 
Steel Industry,” there is a joint ASTM 
meeting with Wm. T. Bean, Jr., Director, 
Industrial Electronics, Inc., giving his 
dynamic lecture on “Stress Analysis in 
Action.”’ AJ] members in the New York 
and Pittsburgh Districts will receive direct 
mail notices of these respective meetings. 
Everyone is invited. 


What's in an Automobile? 


DurRInG a recent meeting of 
the Commercial Chemical Development 
Assn. and the Chemical Market Research 
Assn., C. L. MeCuen, General Manager 
of General Motors Research Laboratory 
Division, in a talk on the chemical prob- 
lems of the automobile industry, pre- 
sented some figures showing the amount 
of various materials entering into the 
average 1950 four-door sedan some of 
which are shown below. (There are 
ASTM standards connected with every 
item listed.) 


Pounds of Material 1950 Four-Door Sedan 
Car Weight—3824.12 Ib. 


SbeC li he ee ee ee ae 2556.29 Ib. 
Gravellronueenny ee eee 021.15 
Matleablel noni sie 99.60 
Aluminum and Alloys...... 11.39 
Coppers iran ee eae 25.99 
CoppersAlloycieenen eer eae 15.61 
Lead and Alloys........... 30.39 
Zime and Alloys............ 66.06 
INTOTIROIS oan ogoo ca uaucaac Wale 
Chromiuincee nee eee 6.06 
Mang anescaen nner ieee 18.82 
INoly bderunniees ee enn nee .08 
Nickel cee ss see 1.06 
Dilicons : 4. See 17.35 
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The Purchasing Department and 
Standardization 


“T cannot think of a more important 0} 
useful project for a purchasing agent or any 
one engaged in procurement activity genere 
ally than the subject of standardizatio 
As a matter of fact, standards play an impo 
tant part in our everyday life....” There 
should be no question in the minds of pun 
chasing men that the purchase of standar 


the acquisition of specials. We, therefore 
have a lot to be thankful for because of thi 
progress of standards through the medium 


American Standards Association. 
“The purchase of commodities, compay 
nents, or equipment in the proper quantity—\, 
in the best available quality for the purpose-7 
at the lowest piece price and at the timm 
needed, form the four cardinal principles c\ 
procurement. The assistance of standara) 
goes a long way toward assuring us thd) 
these conditions will be met. Specials, of 
the other hand, introduce problems of avairi 
ability, higher costs, uniformity of qualiti\” 
and the lack of adqeuate field performand 
data. It is difficult to have straight runiy 
with highest efficiency in the purchase of spijk 
cials. It is difficult to control inventory |) 
you are using specials. I am sure you wut 
agree with these comments. I am sure yop 
realize and appreciate how much more flexi 
bility a procurement man has when he puiiy 
chases a standard item which sumetimes cat 
be shipped from stock, but in any event cc 
be had with more reasonable assurance tha 
the special item. Granted then that they 
comments are factual do we not then have c' 
obligation to play an active part in the pur 
suit of further progress in standardizatvos 
Should we not actively, both as individuct 
and as a group, participate in the work 
promoting standards? A procurement mai 
ager who does not acknowledge this obiy 
gation ts lacking in assuming his respons 
bility in the business picture... .” F 
The above is an excerpt from a paper 7 
V.deP. Goubeau, Vice-President in Chari) 
of Materials, Radio Corp. of Ameria) 
RCA Victor Div., Camden, N. J., entith 
“The Purchasing Department’s Responm 
bility for the Promotion of Standardiais 
tion’”’ presented at the National Standara? 
zation Conference under the Joint auspid 
of the National Assn. of Purchasij 
Agents and the American Standan 
Assn., New York City, November, 198 f 


A Rita eerie Cee sets rs else & 1.30 
ESbDTICA wy ry-cnc Pee Reet 92.26 
Glass Fa: tek one. eee 76.28 
Lubricantsese see eee 15.16 
Paper. en ake Pere 55.05 
Rubber Compound........ 205.63 
Sound Deadener.......... 10.83 
Plastic, Thermosetting.... 2.38 
Plastic, Thermoplastic... . 2.87 
Rungsteniege ieee 0.008 
ASDESUOS aerate caater piaree 2.60 
Corkee eer cee eee 0.626 
Mica aa es: 977 ee 0.102 
Vanadium anaes 0.0016 jf 
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PERSONALS. 


| 

5 News items concerning the activities of our members 
will be welcomed for inclusion 
| 


in this column. 


% Note—These “Personals” are arranged in order of alphabetical sequence of the names. 
Frequently two or more members may be referred to in the same note, in which case the first 
Hpne named is used as a key letter. It is believed that this arrangement will facilitate reference 


5 No the news about members. 


_ James L. Beatty, formerly Senior Test- 

ng Engineer, Pacific Islands Engineers, 
“37Guam, is now Testing Engineer, State of 
"California, Division of Highways, Sacra- 
‘mento. 

H. R. Beckwith has become identified 
with the American-Marietta Co., Kanka- 
kee, Ill., as Technical Director. He was 

“previously Plant Manager, Reliance Var- 
danish Co., Chicago, Il. 

William F. Black, Jr., has resigned as 
‘Editorial Assistant, American Society 
for Testing Materials, to become Junior 

Project Engineer, Sharp & Dohme, Phila- 
‘delphia, Pa. Bill did some very good work 
‘for us during his relatively short stint 
Son the Staff, but the urge to get back into 
ov ndustry was there. We were sorry to 
yhave him leave. 

# Paul Blundon is now a partner in the 
jfirm of Blundon, Snyder & Small, Con- 
ijsulting Engineers, Keyser, W. Va. 
* Robert D. Bonney, Assistant Manager 
Vof Manufacturing, Congoleum-Nairn, Inc., 
eKearny, N. J., was elected President of the 
s\Federation of Paint and Varnish Pro- 
duction Clubs at its recent 28th Annual 
Sonvention; and Hiram P. Ball, Assist- 
‘ant Secretary and Treasurer, Ball Chemi- 
Weal Co., Pittsburgh, Pa., was named 
President-elect. Messrs. Bonney and Ball 
have been active for many years in the 
tmwork of ASTM Committee D-1 on Paint, 
‘Varnish, Lacquer, and Related Products. 

Mr. Bonney presently is serving as a mem- 

ber of the Society’s Board of Directors. 
+ Hyman Bornstein, for many years as- 
Wsociated with Deere and Co., Moline, IIL, 
‘hand for some time Manager of the Mate- 
4rials Engineering Dept., has been ap- 
Wpointed Chief Technical Consultant. A 
mote from the Company President, C. D. 
(;Wirnan, indicates that this new assign- 
tment will go far beyond the field of prod- 
uct development and include wide plan- 
} ning for future work. A member of ASTM 
jsince 1915, Mr. Bornstein has been ac- 
jtive in the work of many committees, 
j notably A-3 on Cast Iron, where he was 
‘secretary and later chairman for many 
| years. The new Manager of Deere and 
Co. Materials Engineering Dept. is I. T. 
| McGuire. 
| Jose Baraquiel Calva, of Minneapolis, 
| Minn., internationally known chemical 
‘engineer and distinguished for his con- 
| tribution to the nation’s fur industry, 
| particularly for his discovery in manu- 
facturing plastic fur from sheep skin, 
has been appointed on the Public Rela- 
tions Committee of the Association of 
‘Consulting Chemists and Chemical Engi- 
‘neers for 1951. 
| 
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William Hilton Croft II, formerly 
Assistant Foundry Manager, Magnus 
Metal Div. of National Lead Co., Albany, 
N. Y., is now Vice-President, Hilton 
Supply Co., Thornwood, N. Y. 

A. Davidsohn has relinquished his 
post as Research Chemist with the Pales- 
tine Oil Industries ‘“‘SShemen”’ Ltd., Haifa, 
Israel, after fifteen years of service, to 
establish himself as an independent con- 
sultant in Haifa. 

Henry A. Eysenbach, Jr., is now as- 
sociated with the Western Electric Co., 
Inc., Winston-Salem, N. C., in an engi- 
neering capacity. 

Elmer Gammeter, formerly Chief 
Metallurgist, has been appointed Director 
of Laboratories for the Globe Steel Tubes 
Co., Milwaukee, Wis. 

Samuel A. Gordon, formerly Chief 
Structural Test Engineer, The Glenn L. 
Martin Co., Baltimore, Md., is now 
Assistant Chief of Structures, Piasecki 
Helicopter Corp., Morton, Pa. 

Adley Walton Hemphill, following com- 
pletion of graduate studies at the Univer- 
sity of Pittsburgh, has accepted a posi- 
tion as Chemical Engineer, Davison 
Chemical Corp., Baltimore, Md. 

R. Bradford Holmes has been trans- 
ferred from the Parlin laboratory of the 
du Pont Company to the new Marshall 
laboratory in Philadelphia, a laboratory 
of the Chemical Division of the Fabrics 
and Finishes Department. He is super- 
visor of an organic group. 

John C. Hostetter, active in ASTM 
for many years, recently President of the 
Mississippi Glass Co. and now Consultant, 
will receive the Albert Victor Bleininger 
Award of 1950 at a meeting at the Hotel 
Schenley in Pittsburgh on March 16. 
This high honor is conferred annually 
by the Pittsburgh Section, American 
Ceramic Society, for “distinguished 
achievement in the field of ceramics.” 
Formerly with the National Bureau of 
Standards and the Geophysical Labora- 
tory in Washington, D. C., Dr. Hostetter 
was Director of Research and Develop- 
ment for many years at Corning Glass 
Works, and subsequently was Vice- 
President, Hartford-Empire Co. In AS- 
TM he was Chairman of Committee C-14 
on Glass and Glass Products, and also 
served as Chairman of the St. Louis 
District. 

Samuel L. Hoyt, Technical Adviser on 
Metallurgical Problems, Battelle Me- 
morial Institute, Columbus, Ohio, was 
awarded the University of Minnesota’s 
Outstanding Achievement Medal for his 
research on hard carbides and his work as 
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adviser to Battelle. Dr. Hoyt, who 
founded the University of Minnesota’s 
Department of Metallurgy, undertook re- 
search that led to development of ce- 
mented tungsten carbide, a superior tool 
material for cutting operations. 

George T. Jones was recently appointed 
Asst. Metallurgical Engineer, Railroad 
Materials & Forgings, Carnegie-IIllinois 
Steel Corp. (now U. 8S. Steel Co.), Pitts- 
burgh, Pa. He was formerly Chief Metal- 
lurgist at the Munhall (Pa.) plant. 

C. J. Knickerbocker has been named 
Asst. Superintendent, Production, Mis- 
souri Portland Cement Co., St. Louis, 
Mo. He was previously associated with 
the Carolina Giant Cement Co., St. 
George, S. C., in a similar capacity. 

Paul E. Lighty, formerly Spectrog- 
rapher, Limestone Products Corp. of 
America, Newton, N. J., is now Project 
Engineer, Spectroscopy, Federal Tele- 
communications Laboratories, Inc., Nut- 
ley, N. J. 

Jess C. Little has accepted an appoint- 
ment as Technical Director, Preformed 
Line Products Co., Cleveland. He was 
previously associated with the American 
Steel & Wire Co. of the same city in the 
capacity of Technical Engineer. 

Herman F. Mark, Director of the Insti- 
tute of Polymer Research at the Poly- 
technic Institute of Brooklyn, and inter- 
nationally noted authority in his field, re- 
cently received an honorary degree 
(Doctor of Engineering) from the Univer- 
sity of Liege, Belgium. 

E. E. McSweeney, Research Super- 
visor, Battelle Memorial Institute, Colum- 
bus, Ohio, has assumed new responsibilities 
as the Institute representative to the 
chemical industry, in which assignment 
he will direct relations between Battelle 
and sponsors in the industry, assisting the 
latter in setting up their research pro- 
grams. A member of the staff since 1938, 
Dr. McSweeney in recent years has di- 
rected plastics, rubber, and coatings 
research. 

J. B. Monier, formerly Research Chem- 
ist, Chemical Compounds, Ltd., Galt, 
Ontario, Canada, is now Manager, Plastics 
Div., Gerry Lewis, Ltd., Toronto. 

James B. Morrow, First Vice-President 
of the Pittsburgh Consolidation Coal Co., 
is recipient of the Erskine Ramsay Medal 
of the American Institute of Mining and 
Metallurgical Engineers, which medal rec- 
ognizes distinguished achievement in the 
production, beneficiation, or utilization of 
bituminous or anthracite coal. 

Anthony J. Netad has been appointed 
Assistant Manager of the newly formed 
group of chemistry divisions of the General 
Electric Research Laboratory, Schenec- 
tady, N. Y. 

E. G. Partridge, Director of Research, 
American Anode, Inc., Akron, Ohio, has 
been elected President of the Akron Coun- 
cil of Engineering and Scientific Societies. 

Oscar Pearson, formerly Chemist and 
Metallurgist at Carnegie-Ilinois Steel 
Corp. (U. 8. Steel Co.), Gary, Ind., is now 
Division Superintendent of Steel Pro- 
duction at the Gary works. 

Willis McGerald Peirce, Assistant to 
the General Manager, Technical Dept., 
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New Jersey Zine Co., Palmerton, Pa., has 
been elected President of American Insti- 
tute of Mining & Metallurgical Engineers 
for 1951. 

Franklin T. Peters has been appointed 
manager of the newly established Market 
Development Dept., Heyden Chemical 
Corp., Garfield, N. J. 

The Pittsburgh Testing Laboratory, 
Pittsburgh, Pa., which has been very 
actively interested in the work of the 
Society since 1905, has announced the 
election of former President A. R. Ellis as 
Chairman of the Board, and Vice-Presi- 
dent C. M. Houck as President. R. C. 
Emmett is now Vice-President; he was 
formerly Manager of the Chicago office of 
PTL. Representatives of the company 
have for many years participated actively 
in ASTM technical and district activities, 
and Mr. Ellis, a long-time member, has 
been concerned with the work of Com- 
mittee A-1 on Steel and its subcommittees, 
and other groups. 

Carlton H. Rose was named Manager of 
National Lead Co.’s Washington (D. C.) 
office. 

John Russell, formerly Technical Di- 
rector, was elected Vice-President in 
Charge of Production, National Glaco 
Chemical Co., a subsidiary of Ekco Prod- 
ucts Co., Chicago. 

Roscoe H. Sawyer, formerly Assistant 
Chemical Director of Devoe & Raynolds 
Co., Ine., Louisville, Ky., has been ad- 
vanced to the post of Manager of the 
Technical Division of the company. 

Erle I. Shobert II has been made Super- 
visor, Electrical Laboratories, Stackpole 
Carbon Co., St. Marys, Pa. He will con- 
tinue also as Technical Director, Rare 
Metals Contacts and Non-terrous Metal- 
lurgy. 

Nicol H. Smith has been named Execu- 
tive Director of the Franklin Institute’s 
Laboratories for Research and Develop- 
ment, Philadelphia. 

Charles E. Sohl, Jr., formerly on the 
faculty of the York Technical Institute, 
York, Pa., is now Instructor in Engineer- 
ing, Pennsylvania State College, Swarth- 
more, Pa. 

Harris M. Sullivan has been elected 
Vice-President and Director of Research 
and Development of Central Scientific Co., 
Chicago, Ill. Dr. Sullivan has been with 
the company since 1944 as Assistant Di- 
rector of Research. 

H. George Treibl is now Chemical 
Plant Operator, E. F. Drew & Co., Inc., 
Boonton, N. J. He was previously affili- 
ated with Lusecar Coal’s Corp., Luscar, 
Canada, as Chemist and Assayer. 

Stanton Walker, Director of Engineer- 
ing, National Sand and Gravel Assn., and 
of the National Ready Mixed Concrete 
Assn., Washington, D. C., and Secretary 
of ASTM Committee C-9 on Concrete 
and Concrete Aggregates, has heen elected 
President of the Engineers Club of Wash- 
ington. Serving with him on the Board 
of Directors of the Club are other active 
ASTM members including E. W. Bauman, 
Managing Director, National Slag Assn., 
and H. F. Clemmer, Engineer of Ma- 
terials, District of Columbia, Engineer 
Department. This club, a relatively new 
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one in Washington, having been organ- 
ized about four years ago, has its head- 
quarters in the National Theatre Building, 
1325 E St., N. W. 
Paul C. Wetterau has been appointed 
Technical Director of Congoleum-Nairn, 
Inc., Kearny, N. J. He has been asso- 
ciated with the company for twenty years, 
serving entirely in the field of product de- 
velopment and quality control. 


John M. Yahres, until recently Exeew 
tive Vice-President, was elected Preside 
of Pittsburgh Screw & Bolt Corp., suc: 
ceeding the late John P. Hoelzel. 

Erich K. Zimmerman, formerly Direc 
tor, Service Labs., Titanium Pigmerm 
Corp., New York City, is now Manager 
Pigment, Paint & Chemicals, Brookly) 
Laboratories, National Lead Co. 


NEW MEMBERS... 


The following 99 members were elected fro - 
December 21, 1950, to January, 26,1951, making tht 
total membership 2679 .. . 


Note—Names are arranged alphabetically—company members first then individuals 


Chicago District 


BraBENDER, C. W., Consulting Engineer, 
Calhoun Beach Hotel, Apt. 902, Minne- 
apolis 16, Minn. } 

CRABB, WARREN D., Chief Inspector, United 
States Steel Co., 3426 E. Highty-ninth St., 
Chicago 17, Ill. 

Exuis, A. L., Secretary, The Lehon Co., 4425 
S. Oakley Ave., Chicago 9, Ill. 

GurrrripGr, R. R., Materials to Engineer, 
Minneapolis-Honeywell Regular Co., Aero 
Div., 2753 Fourth Ave., S., Minneapolis 8, 
Minn. 

Paumer, JoHn B., Manager, Sales Engineer- 
ing, Masonite Corp., 111 W. Washington 
St., Chicago 2, Ill. 

Reineck, Epwarp A., Technical Service, 
The Quaker Oats Co., Merchandise Mart 
Plaza, Chicago 54, Il. 

Smitu, Witu1aM Jonegs, Architect, Childs & 
Smith, Architects, 20 N. Wacker Dr., 
Chicago 6, Ill. 

Watratu, Martin H., Jr., Chief, Pressure 
Packaging and Packing Div., Quarter- 
master Food and Container Inst., 1849 W. 
Pershing Rd., Chicago, Ill. For mail: 
5718 N. Winthrop Ave., Chicago 40, IIl. 


Cleveland District 


Laxe Ciry MawuieaBlte Co., Tun, J. E. 
Micksch, Research Engineer, Box 348, 
Ashtabula, Ohio. 

MassILLton Sten. Castine Co., Tur, I. M. 
Emery, Vice-President and Works Man- 
ager, Box 388, Massillon, Ohio. 

FENN CoLueGre, DEPARTMENT OF CHEMIS- 
try, W. E. Allsopp, Instructor of Analyti- 
cal Chemistry, Cleveland 15, Ohio. 

GANNETT, JosErpH K., Vice-President and 
Director of Engineering and Research, 
The Austin Co., 16112 Euclid Ave., E. 
Cleveland 12, Ohio. 


Detroit District 


FREEMAN, Frank H., Director of Research, 
Kerr Manufacturing Co., 6081 Twelfth 
St., Detroit 8, Mich. 

Marra, ALAN A., Research Engineer, Uni- 
versity of Michigan, Ann Arbor, Mich. 
Yourn, R. A., Chief Engineer, Union Steam 

Pump Co., Battle Creek, Mich. 


’ 


New England District 


Drrcy Propucts Co., George H. Taft, 
Director of Research, 120 Potter St., 
Cambridge 42, Mass. 

Baron, Howarp M., President, Standard 
Mica Producing Corp., Orange, N. H. 
pees Box 31, Wappingers Falls, 


Crown1u, A. B., Jn., Vice-President, Union 
Paste Co., 1605 Hyde Park Ave., Hyde 
Park 36, Mass. 

Miter, E. Crara, Cost and Control Dept., 
Bates Manufacturing Co., York Div., 
peer: Me. For mail: Bay View, Saco, 

e. 

NicHots anp Co., Inc., J. G. Wellman, 
Wool Buyer and Quality Supervisor, 140 
Federal St., Boston 10, Mass. 
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Welcome to ASTA/ 


Parkin, GreorGe R., Chief Industrial Engl 
neer, Arms Textile Manufacturing Ca)! 
Manchester, N. H. 

Vermont, UNIVERSITY OF, LIBRARIES, Sid) 
ney B. Smith, Director of Libraries, Buij 
lington, Vt. | 

} 
t 


New York District il 
Arizona Cuemicat Co., Richard Herrlingex)| 


Research Chemist, Linden Lab., Box 15 
Linden, N. J i 
Ensay Co., Inc., John A. Britton, Jr., Presd 


dent, 15 W. Fifty-first St., New York if 
NYS 


KerLurx Corp., THe, William B. Sno-@ 
Assistant Director of Research and Dit 
Maal 233 Broadway, New York ‘| 

a0Ve 


BarTNER, BERNARD I., Chemical Engedl 
Streamline Plastics Co., 171-175 Prin 
St., New York, N. Y. ‘For mail: 72-) 
137th St., Flushing, L.I.,N.Y. [J]/*¥ §@ 

Comstock, Raupy L., Plant Superintenders 
Reilly Tar and Chemical Corp., 1 | 
“Doremus Ave., Newark 5, N. J. f 

FourmMan, Victor G., President, Syntoma*! 
Corp., 114 E. Thirty-second St., New Yai 
il}, INI, Me a 

Grav, Bernarp J., Partner, Frank Gri 
and Sons, 187 Market St., Newark 2, N./ 

Herr, Donatp S., Director, Technical Sem) 
ice Lab., Shell Chemical Corp., 11% 
Commerce Ave., Union, N. J. M 

Lopatin, Murray, Junior Designer, Hydn! 
press, Inc., 570 Lexington Ave., New You! 
N. Y. For mail: 490 Ocean Parkwait 
Brooklyn 18, N.Y. [J] e) 

Morrt, Epwin F., Assistant General Sup | 
intendent, American Cyanamid Co., Pl! 
tics Dept., Bound Brook, N. J. 

Rozserts, Lawrence M., Manager, Li 
velopment and Research Divy., Reseaw 
Corp., Bound Brook, N. J. i 

ScHEFFER, Epwarp R., Research Supervisil)” 
Analytical Dept., National Lead C( 4 
Titania Div., Box 58, South Amb¢ i 


HY 
it] 


Sepuack, Frank, Technical Sales Rep 
sentative, United States Steel Co., Rod) 
1418, 25 Broad St., New York, N. Y. 

STERLING, Catvin, Head, Analytical Secti|) 
International Nickel Co., Inc., Resear) 
Lab., Bayonne, N. J. 1h 

Yroman, Donatp Cort, Student, St) 

University of New York, Institute all) 


Applied Arts and Sciences, 300 Pearl {}/) 
Brooklyn, . Y. For mail: 359))| 
ieee St., New York 11, N.| 
ZNak, NicHoLtas Apam, Junior Chem? 
Engineer, 111 Manhattan Ave., Brookly})) 
IN SSN | 
t 


Northern California District 


Eirer-McCuttovuen, Inec., A. Arrigo 
Chief Inspector, 798 San Mateo Ave., £ 
Bruno, Calif. } 

Harris, J. Stanuny, Testing Engin 
Perkins Gravel Co., Box 1113, Sacramer 
Calif. 


5 
{ 
i 
' 
nie 
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| Ohio Valley District 
) Cuopay Corp., Philip H. Rhodes, Technical 
d Brocton, Clopay Square, Cincinnati 14, 
IU 10. 

| Suerricerp Corp., Tue, William I. Wilt, 
, Advertising and Assistant Sales Manager, 
}_ 721 Springfield St., Dayton 1, Ohio. 
) McInrosu, W. R., Professor and Head, De- 
| partment of Civil Engineering, University 
- of Louisville, Louisville 8, Ky. 


+} Philadelphia District 

i} Frick Co., D. Norris Benedict, President 
+ _ and General Manager, Waynesboro, Pa. 

©? Dynes, W. T., Universal-Rundle Corp., 3905 

River Ave., Camden 5, N. J. 

9) Grosse, Stantey, Chemical Engineer, ¢/o 

Orkin, 1830 N. Thirty-second St., Phila- 

® delphia21,Pa. [J] 

§ Jounson, Lawrence L., Project Engineer, 

Phileo Corp., Refrigeration Div., C and 

| Tioga Sts., Philadelphia 34, Pa. 

») Liccert, Ropert Jonun, Chemical Engineer, 

’ Tiona Petroleum Co., 501 Broad St. Sta- 

tion Bldg., Philadelphia 2, Pa. For mail: 

900 Kerper St., Philadelphia 11, Pa. 

9 McKetyey, Kennepy Mitton, Materials 

Engineer, Public Works Dept., U. S. De- 

partment of the Navy, Philadelphia Naval 

Shipyard, Bldg. 1, Philadelphia, Pa. For 

C mail: 51 Lewis St., E. Lansdowne, Pa. 

>») McLaveuurn, Cuartes F., Sales Manager, 
The Whitehall Cement Manufacturing 
Co., 123 S. Broad St., Philadelphia 9, Pa. 

O’Dett, Earn Wayne, Engineer, Aircraft- 
Marine Products, Inc., 1523 N. Fourth St., 
Harrisburg, Pa. For mail: 323 S. Cam- 
eron St., Harrisburg, Pa. 

RansrorD, Rosert J., Chief Inspector, 
Universal Ball Co., Willow Grove, Pa. 

> Scowartz, ANDREW, Jr., Metallurgical Con- 

tact Engineer, Bethlehem Steel Co., 

Lebanon, Pa. 

+ Tuomas, Wiuuiam S., Manager, Foundry 

“a8 General Machine Co., Inc., Emmaus, 
a. 


| Pittsburgh District 


PirrsBuRGH CorRNING Corp., Walter Lovett, 

' Sales Engineer, 307 Fourth Ave., Pitts- 

burgh 22, Pa. 

> Curist, JosepuH G., Metallurgical Engineer, 

Westinghouse Electric Corp., 200 McCand- 

aw, less Ave., Pittsburgh 1, Pa. 

. Crockett, L. O., Manager, Technical Div., 
Manufacturing Dept., Gulf Oil Corp., Box 
1166, Pittsburgh 30, Pa. 

Lypic, ELtpeER RicHarp, JR., Assistant Chief 
Chemist, Rochester & Pittsburgh Coal Co., 
Indiana, Pa. For mail: 417 Oak S&t., 

; Indiana, Pa. 

Situ, Roy M., Chief Engineer, Railway and 

i Industrial Engineering Co., Box 98, 

Greensburg, Pa. 


St. Louis District 

WESTERN CARTRIDGE Co., Division oF OLIN 
Invustrizs, Inc., Verne Pulsifer, Metal- 
lurgical Engineer, Research Div., East 
Alton, Ill. 

Barurrr, N. L., Manager, Engineering Re- 
search Div., The Marley Co., Inc., 3001 
Fairfax Rd., Kansas City 15, Kans. 


Gentlemen: 


Date 
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Lyrie, C. Myron, Manager of Engineering, 
Kansas City Power and Light Co., 1330 
Baltimore, Kansas City, Mo. For mail: 
Box 679, Kansas City 10, Mo. 

Trowsriper, C. D., Director, St. Louis 
Testing Labs., 2317 Chouteau Ave., St. 
Louis, Mo. 


Southern California District 


Buy, Joun R., Chief Inspector, General Con- 
trols Co., 801 Allen Ave., Glendale 1, 
Calif. i 

Miuter, Grorar W., Chief Chemist, W. J. 
Voit Rubber Corp., 1600 BE. Twenty-fifth 
St., Los Angeles 11, Calif. 

Sartor, W. A., Chief Metallurgist, Con- 
solidated Western Steel Corp., Box 2015, 
Terminal Annex, Los Angeles 54, Calif. 

Wetty, JoHn W., Resident Chief Metal- 
lurgist, Solar Aircraft Co., 2200 Pacific 
Highway, San Diego 12, Calif. 


Washington (D. C.) District 


Apams, Naruantet M., Jr., Cartographic 
Aide, U. 8. Navy Hydrographic Office, 
Suitland, Md. For mail: 615 Gresham 
Pl., N. W., Washington 1, D. C. 

DrForn, Martin R., Materials Engineer, 
National Bureau of Standards, Washing- 
Fon25, DAG. 

Evans, Donautp N., Materials Engineer, 
National Bureau of Standards, Washing- 
ton, D. C. For mail: 5320 Glenwood 
Rd., Bethesda 14, Md. 

FrencH Empassy, InpustTriaL ANALYSIS 
Brancn, R. Donn, Chief, 1704 Eighteenth 
St., N. W., Washington 9, D. C. 

GeENEvVEY, Louis Paut, Assistant to French 
Air Attaché, French Embassy, 1759 R St., 
N. W., Washington 9, D. C. 

Haupt, C. G., Chemist, Norfolk & Western 
panway. Co., Chemical Lab., Roanoke 17, 

a. 

McCasz, Louis C., Chief, Office of Air and 
Stream Pollution, Bureau of Mines, De- 
pe of the Interior, Washington 25, 


McKintey, James M., Chief, Physical Test 
Lab., Aberdeen Proving Ground, Bldg. 
525, Aberdeen Proving Ground, Md. For 
mail: 217 W. Lorraine Ave., Baltimore 
11, Md. 

Newman, E.S., Chemist, National Bureau of 
Standards, Washington 25, D. C. For 
mail: 4604 Addison Rd., N. E., Wash- 
ington 19, D. C. 


Western New York—Ontario District 

GustaFrson, Jack H., Chief Chemist, Mar- 
lin-Rockwell Corp., 402 Chandler St., 
Jamestown, N. Y. 

Haac, Wayne B., Chief Metallurgist, Mar- 
lin-Rockwell Corp., 402 Chandler St., 
Jamestown, N. Y. 

SKINNER, Ciayton H., Technical Superin- 
tendent, Hewitt Rubber Div., Hewitt- 
Robins, Inc., 240 Kensington Ave., 
Buffalo 5, N. Y. 


U. S. and Possessions 


ANDERSON, CLAYTON AND Co., Earl E. Berk- 
ley, Director, Fiber Lab., Box 2538, 
Houston 1, Tex. 


petroleum, steel, non-ferrous, etc.,) 


Ssnnrnncin Incr nnn EE 


Signed 
Address 
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Lurxin Founpry anp Macuine Co., J. B. 
Hopper, Chief Engineer, Lufkin, Tex. 

TENNESSEE PRODUCTS AND CHEMICAL Corp., 
L. A. Miller, Vice-President, Research 
Dept., 4800 Central Ave., Chattanooga, 
Tenn. 

Loomis, R. J., Laboratory Supervisor, 
Socony-Vacuum Oil Co., Inc., Box 240, 
Casper, Wyo. 

Maniua Frre Dept., Cipriano Cruz, Chief, 
Manila, Philippines. 

Miutier, Rosert P., Jr., Vice-President, 
Southwestern Graphite Co., Burnet, Tex. 

Murpuy, Matcom, Jr., Partner, Murphy 
Boiler and Piping Co., Petroleum Bldg., 
Shawnee, Okla. [J] 

WInBLADE, FRANK N., Chief, Seattle Lab., 
National Bureau of Standards, University 
of Washington Campus, Seattle 5, Wash. 


Other than U. S. Possessions 


Ovu.tusoxk1 OsaknyuHTio, Jukka EH. Vuorinen, 
Civil Engineer, Leppiniemi OL., Finland. 

AGGEBRINK, GuNNAR, General Manager, 
Plast AB HAGA, Anderstorp, Sweden. 

ArmstTRONG, HE. K., City Engineer, Dunedin 
City Council, Municipal Chambers, Octa- 
gon, Dunedin C 1, New Zealand. 

Bapcock, Frrep, Works Manager, Kango 
Electric Hammers, Ltd., Morden Factory 
Estate, Lombard Rd., South Wimbledon, 
London 8. W. 19, England. For mail: 5 
ee Village, London 8. E. 21, Eng- 
and. 

BERNDTSSON, BreRNDT, Chemical Engineer, 
Svenska Oljeslageri AB, Goteborg 5, 
Sweden. 

Fosrer, R. G., Production Manager, The 
Winnipeg Supply and Fuel Co., Ltd., 
Eighth floor, Boyd Bldg., Winnipeg, Man., 
Canada. For mail: 21 Lipton St., Win- 
nipeg, Man., Canada. 

Kuan, MuxkuursozzaAMan, Assistant Direc- 
tor, Central Testing Lab., Government of 
Pakistan, Karachi, Pakistan. For mail: 
1825 R St., N. W., Washington, D. C. 

LAORDEN, Josx, Instituto Tecnico de la Con- 
struccion y del Cemento, Velazquez 47, 
Madrid, Spain. For mail: 1108 W. 
Stoughton, Urbana, Ill. 

Latir, James I., Executive Engineer, Punjab 
Government, Public Works Dept., Irriga- 
tion Branch, Khanwah Div., Canal Colony, 
Montgomery, Punjab, Pakistan. 

Nicuouzs, G. F., Technical Controller, Hole- 
proof, Ltd., 204 Sydney Rd., Brunswick, 
Melbourne, Australia. 

Pavor, E., Inspecting Engineer, ‘‘The Conti- 
nental Inspection,’ 31 Rue Jean Jaures, 
Marcinelle, Charleroi, Belgium. 

VAN OUWERKERK, Lampertus, Management 
Director, Rontgen Technische Dienst, 21F 
Oost Siedelinge Rotterdam/Overschie, The 
Netherlands. 


* [J] denotes Junior Member. 


To the ASTM Committee on Membership, 1916 Race St., Philadelphia 5, Pa. 


Please send information on membership to the company or individual indicated below: 
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This company (or individual) is interested in the following subjects: (indicate field of activity, that is, 
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NEGROLCOGYs:. 


The Death of the 
following members has been reported 


A. G. AnpErson, Automotive Stand- 
ards Engineer, International Harvester 
Co., Chicago, Ill. (October 10, 1950). 
Member since 1943. 


K. J. Broapspooxs, Tennessee East- 
man Co., Div. of Eastman Kodak Co., 
Kingsport, Tenn. Representative of his 
company since 1947 on Committee D-13 
on Textile Materials and many of its 
subgroups. 


P. D. Gasxiixi, Vice-President and 
Treasurer, The Whitehall Cement Manu- 
facturing Co., Philadelphia, Pa. (Novem- 
ber 29, 1950). Member since 1925. 


Epwarp M. Huauns, Chief Chemist, 
Refinery, Sun Oil Co., Marcus Hook, Pa. 
(February 2, 1951). A member of ASTM 
since 1920, Mr. Hughes had been with the 
Sun Oil Co. for 39 years. He was also a 
member of the Franklin Institute and the 
American Chemical Society. 


Cuartes I. Joos, Manager, Water 
Purification Div., Cochrane Corp., Phila- 
delphia, Pa. (January 7, 1951). Member 
since 1936, and member of Committee 
D-19 on Industrial Water and several of 
its subcommittees for the same period. 


R. H. Rawson, Consulting Timber 
Engineer, Portland, Ore. (November 20, 
1950). Member since 1949, and con- 
sulting member of Committee D-7 on 
Wood since 1948. 


H. A. Ror, Chief Chemist, Rundle 
Manufacturing Co., Camden, N. J. 
(May 25, 1950). Member since 1943. 


SpeNcER Gray Scounar, City Engi- 
neer, Dunedin City Council, Dunedin, 
New Zealand (October 22, 1950). Mem- 
ber since 1939. 


Harry W. Srarx, Civil Engineer, 
United Fruit Co., Boston, Mass. Mem- 
ber since 1930. 


J. N. Wickert, Assistant Superintend- 
ent, Carbide and Carbon Chemicals Divi- 
sion, Union Carbide and Carbon Corp., 
South Charleston, W. Va. (January 24, 
1951). Representative of company mem- 
bership since 1943. Also represented his 
company since 1943 on Committees B-3 
on Corrosion of Non-Ferrous Metals and 
Alloys and D-16 on Industrial Aromatic 
Hydrocarbons; and served as a member of 
Committee D-2 on Petroleum Products 
and Lubricants and several of its sub- 
groups since 1946, and of Committee D-3 
on Gaseous Fuels since 1947. 


Metvitte C. Wyte, for many years 
President, and more recently Chairman 
of the Board of Directors, Gulick-Hender- 
son Laboratories, Inc., Pittsburgh, Pa., 
Residence, Edgewood, Pa. (January 27, 
1951). Representative of company mem- 
bership since 1938, and a member of 
ASTM Pittsburgh District Council since 
1942. A leader in the field of health serv- 
ice, Mr. Wylie in his earlier years had 
been chief clerk of the Allegheny Bureau of 
Health and also had been with the Pitts- 
burgh Health Bureau in a similar capac- 
ity. He had been associated with the 
Gulick-Henderson Laboratories since 
1916. 


E. H. Zerrrucus, Manager, Standard 
Instrument Co., Berkeley, Calif. (Nov- 
ember 3, 1950). Member since 1947. 


The Society 
Appoints... 


Announcement 
is made of the following 
appointments of Society representatives 


W. H. Rowanp, Babcock and Wilcox 
Co., on the Joint Committee on Effect of 
Temperature on the Properties of Metals. 

B. W. Scrisner, National Bureau of 
Standards, on Joint ASTM-TAPPI Com- 
mittee on Paper Testing Methods, to 
succeed R. C. Griffin, Arthur D. Little, 
Inc., resigned. 


To the ASTM Committee on Membership 


1916 Race St., Philadelphia 3, Pa, 


Gentlemen: 


Date 
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R. W. Crum, National Research Coun- 
cil, reappointed on American Documen- 
tation Institute. 

P. G. McVerry, Westinghouse Elec- 
tric Corp., on the Charles B. Dudley 
Medal Committee, to replace E. E. Thum, 
American Society for Metals, resigned. 

H. H. Lesrer, Watertown Arsenal, on; 
ASA Sectional Committee 754 on Safety 
Code for the Industrial Use of X-rays. | 

E. O. Hausmann, Continental Diamond_| 
Fibre Co., on ASA Sectional Committee 
C55 on Capacitors. 

R. W. Wuire, Ordnance Department, 
on ASA Sectional Committee on Elec—) 
trical Insulating Materials, succeedings 
W. R. Fuller, Pratt & Lambert, Inc. 

J. M. Harpesty, Bell Telephone Labo-} 
ratories, Inc., on ASA Sectional edn 


mittee A42 on Plastering, succeeding 
L. S. Wells, National Bureau of Stand-l!” 
ards. ir 


Inc., as third representative on ASAM 
Standards Council. 

J. R. TownsEnp, Bell Telephone Labo-} 
ratories, Inc., reappointed as Societyyy 
representative on ASA Mechanical Stand! 
ards Committee. 


Report on Professional Development 


Tue Eicarerenta Annuahl 


fessional Development (ECPD), which is ai 
conference of engineering bodies, has be—+ 
come available. Copies of this 56-page! 
document (84 by 11 in.) can be procured) 
by writing the Council at 29 W. 39th St... 
New York 18, N. Y.; a nominal charge; 
of 50 cents is made. 

Essentially, this Council, which is sup- 
ported by eight constituent engineering” 
organizations, has the objectives of im4 
proving the methods by which a man be} 
comes an engineer, increasing the use=} 
fulness of his engineering studies, and} 
clarifying the procedures by which he be} 
comes recognized professionally. Prob-j; 
ably its best known work is the examin—* 
ing and accrediting of engineering curt! 
ricula. Over 600 of these have been ap. 
proved in 142 engineering schools. De: 
tails are given in the Annual Report 
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tCatalogs and Literature 
Universal Testing Machines—A new 
7/30-page catalog on Riehle Screw Power 
fUniversal Testing Machines and ac- 
cessories is now being offered by the 
manufacturer. The catalog includes il- 
flustrations, details of construction, specifi- 
eations, and dimensions of testing ma- 
chines up through 400,000 lb. capacity. 
Information is also given on special tools, 
instruments, and accessories for special 
J tests. Copies of the catalog may be ob- 
ttained without charge from any Riehle 
representative or by writing Riehle Test- 
sing Machines Division. 

Riehle Testing Machines Div., Amert- 
4 Machine and Metals, Inc., East Moline, 


Contour Projector—What the Kodak 
Contour Projector Model 2 is—and how 
it can be used to magnify dimensions, 
q » shapes, and surfaces in production or 
‘ tool making— is the subject of a new de- 
scriptive booklet now being offered by the 
+ Eastman Kodak Co. Some of the special 
/ jobs that the projector can do as a matter 
of routine include, as shown in the book- 
‘let, looking into deep recesses, exploring 
»and measuring sizable concavities in one 
/ continuous operation at high magnifica- 
' tion, and checking intricate dimensional 
relationships. The projector also sim- 
plifies the staging of parts. Specifications, 
optics, and accessories for the Kodak 
Contour Projector Model 2 are described 
in considerable detail. The booklet has 
eight pages, liberal illustrations, and is 
» 83 by 11 in. in size. 
| Industrial Optical Sales Dwision, East- 
* man Kodak Co., Rochester 4, N.Y. 


bi 


ih 
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| Manual of Laboratory Safety—The 
Fisher Scientific Co. announces the pub- 
¥ lication of a newly revised edition of the 
¥ 40-page booklet entitled ‘Manual of 
Laboratory Safety.’ The original mate- 
} rial has been brought up-to-date by the 
j inclusion of recently developed data, 
} techniques, and equipment; the new 
| manual will prove to be useful in the 
implementation of complete laboratory 
_safety programs. The original edition 
of this manual has been translated into 
many foreign languages and is widely 
| used in laboratories throughout the 
world. 
| Fisher Scientific Co., 717 Forbes St., 
Pittsburgh 19, Pa. 


Camera Microscope—A Universal Cam- 
era Microscope for Metallurgical Work, 
originating in Austria, is claimed to be the 
most compact and easiest to operate equip- 
' ment of its kind. It has a built-in camera 

and a magnification of from 4.5 to 2200 

times. Stated as outstanding features of 
this instrument are the instant change- 

over from bright to dark ground illumina- 
tion, the instantaneous transition from 
visual observation to photography and 
- from ordinary to polarized light. Methods 
_of illumination include Vertical (bright- 
ground), Oblique Internal (bright-ground), 
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‘LABORATORY SUPPLIES... 


‘Catalogs and Literature and Notes on New or Improved Apparatus 


{Note—This information is based on literature and statements from apparatus 
“manufacturers and laboratory supply houses. 


Flat Oblique Multilateral (dark-ground), 
and Unilateral External (dark-ground). 
Convenient for micrography. Le Chatelier 
principle. Drawing and projection micro 
hardness tester accessories. 

William J. Hacker & Co., Inc., 82 
Beaver St.,; New York &, N.Y. 


Method for Determining Solids in Boiler 
Water—A method described as simple and 
quick for determining the solids content 
of boiler water or condensate is outlined 
and illustrated in Bulletin 2RE50, just 
issued by Hall Laboratories, Inc. The 
test procedure for boiler water utilizes a 
Hagan Conductivity Meter in conjunc- 
tion with a cell, a Hagan Dial Ther- 
mometer, a conductivity cylinder, and 
a supply of Conductivity Reagent A. 
Samples may be tested at any convenient 
temperature as the Meter has a tempera- 
ture compensator. In testing condensate, 
Conductivity Reagent A is not required. 
A half dropperful of the reagent is suf- 
ficient to neutralize a boiler water sample 
and an excess is not harmful. With the 
thermometer remaining in the sample, the 
cell, electrically connected to the meter, 
is placed in a sample and the compensator 
set at the temperature indicated. <A 
directional “eye” on the meter—in a 
circuit developed by Hall Laboratories— 
permits almost instant determination of 
the proper dial setting. The dial read- 
ing in micromhos (a unit of electrical 
conductivity) may be used directly or 
translated into parts per million of solids 
by use of a suitable factor. 

Hall Laboratories, Inc., Hagan Bldg., 
Pittsburgh 30, Pa. 


Recorder for Spectrographic Analyses— 
A new brochure describes the use of the 
Brown “Electronik” strip chart recorder 
in connection with the Bausch and Lomb 
Densitometer. This combination ac- 
cording to the brochure affords speed, 
accuracy, and reproducibility of results. 
A graph included in the brochure indi- 
cates that lines which would not be 
readily apparent by visual examination 
are made clear and precise by the recorded 
curve. 

Instrumentation Data Sheet No. 10.16- 
12, Minneapolis- Honeywell Regulator Co., 
Industrial Div., Philadelphia 44, Pa. 


Force-Balance Controller—The develop- 
ment of a force-balance, nonindicating 
controller—the ‘‘Transet Tri-Act Con- 
troller’ —for pneumatic transmission sys- 
tems has been announced by the Taylor 
Instrument Companies. The new Con- 
troller, incorporating a new control cir- 
cuit, is said to give: (1) faster, more ac- 
curate measurement of rapidly changing 
temperatures and pressures; (2) closer 
process control with stability; (3) con- 
tinuous process records on a 30-day strip 
chart, together with all other features 
needed for efficient remote control—all in a 
43 by 5-in. miniature pneumatic re- 
ceiver. 

Bulletin 98097, Taylor Instrument Com- 
panies, Rochester 1, N.Y. 


Instrument Notes 


High-Speed Inkless Strain Recorder—A 
new recording SR-4 strain amplifier which 
reproduces both static and rapidly chang- 
ing SR-4 strain gage measurements of 
strains, forces, fluid pressures, displace- 
ments, vibrations, acceleration, etc., on a 
strip chart with rectangular coordinates, 
is announced by the Testing Equipment 
Department of the Baldwin-Lima-Hamil- 
ton Corp. It is known as the Baldwin- 
Sanborn recorder. The instrument is a 
direct-writing, inkless vacuum-tube volt- 
meter consisting of (1) an a-c. powered 
strain gage amplifier; (2) a D’Arsonval 
moving coil recording galvanometer; (3) 
a paper drive mechanism. Features in- 
clude extreme ruggedness and simplicity 
of operation. The writing arm has a 
heated stylus which wipes across _heat- 
sensitive record paper as it is pulled over 
a sharp, straight edge by the paper drive 
mechanism, thus producing a black line 
on a white background. The instrument 
is available in a mahogany case 17 by 
112345 by 9%.— im. overall, weighing 
323 lb., or may be obtained without 
case in two sections for panel mounting. 
In addition to use with strain gages, the 
instrument can be used with temperature- 
sensitive elements such as the Baldwin 
Type T-14 and can reproduce any elec- 
trical phenomena ranging from a few milli- 
volts to more than 200 volts. 

Baldwin-Lima- Hamilton Corp.,  Pas- 
chall Station, Philadelphia 42, Pa. 


Press for Preparation of Metallurgical 
Specimens— Metallurgical laboratory op- 
erators will be interested in the new No. 
1330 AB speed press announced by Bueh- 
ler, Ltd. This new streamlined press with 
a 10,000 lb. capacity is designed to pro- 
vide the metallurgist with a new tool for 
the speedy and practical preparation of 
mounted specimens in either opaque 
bakelite or crystal clear plastic com- 
pounds. Molds, heating, and cooling 
blocks are interchangeable for the various 
size requirements: 1, 11, and 1} in. 
mountings. The hinged press head is 
supplied with a semiautomatic lock and a 
hand wheel screw to lock the mold se- 
curely. Heating blocks are arranged with 
a magnetic closure to snugly envelop the 
mold assembly. The interchange of 
thermostatically controlled heating units 
of 600 watt capacity is facilitated by con- 
venient supports. The cooling blocks are 
located in a practical position in front of 
the AB speed press cabinet. Literature 
giving complete information on this new 
piece of metallurgical equipment avail- 
able on request. 

Buehler Ltd., 165 W. Wacker Drie, 
Chicago 1, Ill. 


Permeability Meter—The latest de- 
velopments in permeability testing are 
said to be embodied in the new Dietert 
No. 335 ‘“Permmeter.”” The construc- 
tion complies with all of the requirements 
for standard A.F.S. stopwatch perme- 
abilities and also provides for automatic 
permeabilities, independent of operator 
attention. The familiar orifice method 
has been added for rapid control testing. 
A clear plastic permeability scale marks a 
definite improvement in accuracy for this 
method. 

Harry W. Dietert Co., 9330 Roselawn 
Ave., Detrott 4, Mich. 


Laboratory Tongs—For those who work 
around laboratory furnaces, a product 
has been developed for unusually safe 
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handling of sample crucibles. With the 
New Fisher Jumbo Crucible Tongs, 
operator’s hand need not be exposed to 
extreme furnace heat. The Jumbo Tongs 
are nearly 21 in. long, and are made of 
18/8 stainless steel. Control of crucibles 
is improved by a patented handle which 
provides separate grips for the thumb and 
one finger. The hand firmly supports 
the entire weight of the crucible and 
tongs, because the handle extends well 
beyond the finger grips. To prevent the 
handles from slipping out of alignment, 
joints of the new tongs are flattened. 

Fisher Scientific Co., 717 Forbes St., 
Pittsburgh 19, Pa. 


Thickness Gage—A new thickness gage, 
developed by Maynard R. Euverard of 
the Interchemical Corp., is designed for 
use in high precision measurements of the 
dry thickness of nonelectrical conductive 
coatings and other sheet-like materials. 
The product may be used on aluminum 
and other non-ferrous metals. A bro- 
chure available from the Henry A. Gardner 
Laboratory, Inc., lists construction fea- 
tures of the product. 

Henry A. Gardner, Laboratory, Inc., 
4728 Elm St., Bethesda, Md. 


Calculator—A new desk calculating 
instrument for statisticians in industrial 
quality control, engineering research, 
and the human sciences is available. 
This instrument, the Merrill RMS Slide- 
Disk, simplifies the computation of stand- 
ard deviations, root-mean-squares, cor- 
relation coefficients, regression lines, ete. 
By graphic calculation, statistical results 
are said to be obtained in a fraction of the 
time previously required and to an ac- 
curacy of $ per cent or better. Time 
savings result from the fact that as many 
as five mathematical steps are performed 
in one mechanical operation taking about 
two seconds to complete. The RMS 
Slide-Disk consists of a 10-in. disk that 
slides and rotates under a pair of vertical 
and horizontal scales on which a series of 
right triangles are formed graphically. 
RMS Slide-Disks are furnished with linear 
and logarithmic scales and an instruction 
manual. All critical parts are made of 
dimensionally stable Vinylite plastic. 

Graphic Calculator Co., 633 Plymouth 
Court, Chicago 4, Ill. 


Armored Conductivity Cells for Sulfuric 
Acid—Armored conductivity cells for the 
measurement of strong sulfuric acid con- 
centrations are announced by Industrial 
Instruments, Inc., manufacturers of elec- 
trolytic conductivity control equipment. 
The new cells are supplied in pairs with 
one cell as the reference and the other as 
the measuring cell. The pressure seal 
has been redesigned to completely elimin- 
ate dependence upon glass parts. De- 
signed for pipe line installations, the cells 
are suitable for line pressures up to 50 psi. 
The cells are made of heavy wall Pyrex 
with platinum electrodes and matched 
cell constants of 1.00. Metal parts are of 
either steel or type 316 stainless steel. 

Industrial Instruments, Inc., 17 Pollock 
Ave., Jersey City &, N. J. 


New Recorder for Test Data—A new 
electronic recorder announced by Leeds & 
Northrup Co. features a range continu- 
ously adjustable over a 20:1 ratio, and 
zero suppression adjustable over more 
than twice the maximum range. Through 
use of a particular suppressed zero range, 
an operator can ignore that portion of the 
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ange in which he is not interested, while 
re P reads the few millivolts he wants to 
watch across the entire width of the in- 
strument chart. Some typical measure- 
ments include: (1) measurements with 
strain gages; (2) temperature difference 
measurements with thermocouples; (3) 
speed measurements. Calibrated d-c. 
millivoltage range is adjustable from a 
minimum across-chart span of 1.1 mv. to 
a maximum range span of 22 mv. Uncali- 
brated coarse and fine rheostats provide 
maximum zero suppression of —50 or 
450 mv., continuously adjustable be- 
tween these limits. 

Leeds & Northrup Co., 4934 Stenton 
Ave., Philadelphia 44, Pa. 


Silent Blast Burner—The -Precision- 
Martin Silent Blast Burner is designed for 
glass working and other heating Jobs re- 
quiring a wide range of flame sizes, shapes, 
and temperatures. Offering extremely 
flexible, convenient operation, the Preci- 
sion-Martin Burner has the feature of 
noiseless burning. The valves controlling 
air, oxygen, and gas are located conveni- 
ently for simplified flame control. Gas 
flow is controlled by a centrally mounted 
cock which swings through an are of 90 
deg. The pilot burner mounted on a tele- 
scoping shaft facilitates lighting and main- 
taining the master flame. The burner 
comes equipped with three interchangeable 
nozzles, 7, 19, 31 ports, which modify the 
intensity of the flame. Overall dimen- 
sions 9 in. high, 9 in. long, and 5 in. wide. 
Weight approximately 7 lb. 

Precision Scientific Co., 37387 W. Cort- 
land St., Chicago 47, Ill. 


INSTRUMENT 
COMPANY 
NIG S) ear 


Announcements, changes 
in personnel, new plants and 
locations, and other notes of interest 


Bauscu & Loms Opricau Co., 635 St. 
Paul St., Rochester 2, N. Y. Appoint- 
ment of Dr. Robert J. Meltzer to Bausch 
& Lomb Optical Co.’s Scientific Bureau is 
announced by Carl L. Bausch, Vice- 
President in charge of Research and Engi- 
neering. A physicist, Dr. Meltzer gradu- 
ated from Rensselaer Polytechnic Insti- 
tute, Troy, N. Y., and earned his doc- 
torate at Johns Hopkins University, 
Baltimore, last year. 

ALFRED BiIcKNELL AssociaTEs, 243 
Broadway at Windsor St., Cambridge, 
Mass. Dr. Frederick G. Keyes, Chair- 
man of the Department of Chemistry of 
Massachusetts Institute of Technology 
for 23 years, has been named vice-presi- 
dent and director of Alfred Bicknell As- 
sociates, Inc. Announcement of the ap- 
pointment was made today by Mr. Alfred 
Bicknell, chairman of the Board. Dr. 
Keyes assumed his new duties January 1, 


Corninc Guass Works, Corning, N. Y} 
Amory Houghton, Chairman of the Board 
of Corning Glass Works announced todays 
that the Company will commemorate its 
hundredth anniversary in 1951. The 
Glass Works was founded in Somerville 
Mass., in 1851, as the Union Glass Com-) 
pany by Amory Houghton, great-grand- 
father of the present Chairman. The 
enterprise moved to Brooklyn in 1864 and ¢ 
four years later, was transferred to Corn-j 
ing by canal boat. Today, not including’ 
its subsidiaries and affiliated companies» 
Corning Glass Works employs over 800 
residents in the Corning area and over 
4000 in other cities including Central Falls 
Rhode Island; Wellsboro, Pa.; Bradford|r 
Pa.; Charleroi, Pa.; Muskogee, Okla. 
Albion, Mich.; Parkersburg, W. Va.q 
and Leaside, Ontario, Canada. | 

Weston ELecrricAL INSTRUMBNT/'|_ 
Newark, N. J., has announced the api . 
pointment of Thomas H. Closs as saleve 
representative of Weston for northeasterri 
and eastern Maryland. Mr. Closs wilif 
maintain his offices in metropolitar 
Baltimore at 17 W. Pennsylvania Ave.’ 
Towson 4, Md. if 


Handbook for Concrete and Cemant I! 


A coop example of the recs) 
ognition and use of ASTM standards in} 
other than our own publications is thd) 
Handbook for Concrete and Cement rev? 
cently published under the auspices of th 
Corps of Engineers, U. S. Army Water 
ways Experiment Station, Vicksburg, Miss 
This handbook is a compilation of specifica! 
tions and standardized methods of testing) 
and has been prepared for use in both thily 
laboratory and field. This edition, dateo? 
August, 1949, supersedes the edition pub) 
lished in October, 1942. t 

The handbook is issued in two editionsa) 
a complete edition, priced at $4 per copy 
designed primarily for use by laborators/ 
personnel, and an abridged edition which! 
contains those items believed to be oi! 
greatest interest and usefulness to fiele’ 
personnel. It is issued in loose-leaf forme! 
thus facilitating the addition of supple! 
mentary and revisions of existing items. } 

It is interesting to note that out of apyt 
proximately 135 methods of tests and spec 
ifications covering concrete, aggregate! 
cement, curing, water, and miscellaneoui'|! 
items, about 60 are actual ASTM stand 
ards adopted in complete form. A goo¢ 
many of the remaining items are alternati)) 
methods or deal with subjects not covere«) 
by the interested ASTM technical com 
mittees. y')) 

Personnel at the Waterways Experimenii 
Station responsible for this compilati 
under the supervision of Herbert K. Coo} 
include Bryant Mather, assisted by T. F 
Kennedy, E. J. Callin, R. L. Curry, Kat ip 
erine Mather, C. H. Willets, and J. Ci) 
Woolsley, several of whom are prominenij}: 
and active members of ASTM Commi iN 
tees C-1 on Cement and C-9 on Coneret}}}. 
and Concrete Aggregates. | 


{e} 


February 195: ! 


per cent. 
that of a ductile material. 


curred. 


The effect of rate of straining on both the tensile and compressive stress- 
strain properties of polystyrene has been studied. A simple, inexpensive 
apparatus has been devised for maintaining a constant rate of strain through- 
out duration of the test and for permitting various constant rates of strain to 
be applied. The apparatus has been used to run tests at rates of strain 
ranging from 5 X 107° per sec. to approximately 700 X 10~* per sec. 

Under tensile loading, polystyrene at room temperature is observed to be- 
have in a brittle manner over the entire strain range investigated. The 
fracture strain, for example, varied very little, if at all, with changes of strain 
rate, and all of the tensile fractures occurred at an elongation of 1.4 to 1.5 
Under compressive loading, the observed behavior was more like 
There was a considerable amount of plastic flow 
at all investigated rates of straining, and fracture, as such, did not occur even 
though the tests were continued until a 16 per cent strain change had oc- 


Modulus of elasticity and maximum stress are both found to increase with 
increase of testing speed whether the applied load be tensile or compressive. 
For a four-fold strain rate increase, the increase in modulus is approximately 
4.5 to 5 per cent for tensile loading and approximately 2 per cent for com- 
pressive loading. The maximum tensile stress and the maximum compres- 
sive stress are found to vary linearly with the log of the strain rate. 


Fon a given material, 


rength are generally recognized to be a 
Yunction of the type of stress applied 
0 the specimen, of the temperature of 
the material, and of the rate of load 
,or strain) application. Although this 
‘ast variable, rate of strain, is frequently 
»f negligible importance for certain 
“properties of some materials, such as 
Yor the room-temperature modulus of 
elasticity of steel, in many other in- 
itances changes in rate of strain produce 
‘ignificant variations in stress-strain 
vharacteristics. This is particularly 
true of high polymers where the changes 
‘eaused by variations in rate of loading 
ven at room temperature conditions 
ire sufficiently large to require con- 
sideration. 

: Although this general topic has re- 
ently received some attention in the 
Literature (1, 2, 3),2 a great deal of 
yest information is needed before the 
wehavior of plastic materials under 
wariable rates of strain can be accu- 
ately predicted. One of the reasons, 
jperhaps, why more information is not 
‘available is the inability of most ex- 
isting testing apparatus to maintain a 
constant strain rate throughout the 


NOTE.—DISCUSSION OF THIS PAPER IS 
INVITED, either for publication or for the 
attention of the author. Address all communica- 
tions to ASTM Headquarters, 1916 Race St., 
Philadelphia 3, Pa. ; 
_1Department of Engineering Mechanics, The 
‘Pennsylvania State College, State College, Pa. 
. 2 The boldface numbers in parentheses refer to 
the list of references appended to this paper. 
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duration of test and to be sufficiently 
flexible to permit the desired wide range 
of strain rates—representative of prac- 
tice—to be applied. One of the objec- 
tives of the present study was, there- 
fore, to construct simple and inexpensive 
apparatus that would provide a strain 
rate range of at least 100 to 1 and at the 
same time would maintain the strain 
rate essentially constant throughout the 
duration of the test. 

In order to provide maximum corre- 
lation of test results, it was decided to 
use a material for which considerable 
information on both the elastic and an- 
elastic properties had already been ac- 
cumulated. Lustrex, a commercial 
grade of polystyrene was, therefore, a 
natural choice as its stress-strain be- 
havior under normal rates of loading, its 
creep behavior under long-time loads, 
and its damping behavior under rapidly 
alternating loads had previously been 
studied and reported (4, 5, 6, 7, 8). 

It was decided also to run stress-strain 
tests under compressive loads as well 
as tensile loads so that some information 
would be available on the effect of vari- 
able rates of straining on compressive 
stress-strain properties. Compression 
tests are somewhat more difficult to 
carry out, and the results are subject to 
further difficulties of interpretation 
because of such things as the variation 
of the state of stress and the state of 
strain due to bulging, end friction, and 
localized deformation. Nevertheless, 
because of the need for information on 
the behavior of plastics under com- 
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SYNOPSIS 


pressive loading, tests were made and 
are reported herein along with the re- 
sults of the tension tests. 


Trst SPECIMENS 


The tension specimens were cut from 
molded polystyrene sheets >? in. in 
thickness and were machined to an 
over-all size of 84 by 1 in. The center 
section of the specimen was reduced 
to 2 in. over a 2-in. gage length and the 
reduced section joined to the 1-in. 
section by a 3 in. radius. All specimens 
were hand polished with fine sandpaper 
in the longitudinal direction. 

A number of preliminary tests were 
Tun on specimens of different sizes to 
determine the most suitable type of 
compression specimen. As a result of 
these tests, a cylindrically shaped 
specimen ;% in. in diameter and 1 in. 
in length was selected. All specimens 
were cut from the molded polystyrene 
sheets and tested with the axis of the 
specimen parallel to the original molded 
surfaces of the sheets. 

All specimens were stored in the con- 
stant temperature (77 + 2 F.), con- 
stant humidity (50 + 2 per cent R.H.) 
chamber for at least 72 hr. prior to - 
tests, and all tests were conducted on a 
modified Dillon testing apparatus which 
was kept in the same room. 


APPARATUS AND CONTROL SYSTEM FOR 
CONSTANT STRAIN Rate Tests 


Both the tension and eompression 
tests were conducted on the same stand- 
ard Dillon testing machine using either 
a 2500-lb. or a 5000-lb. dynamometer. 
Load readings could be taken to +5 
lb. The control system used to main- 
tain a constant rate of strain throughout 
the duration of the tension type of test 
is shown in Fig. 1. Its chief component 
parts are: 


(a) An SR-4 type A-I resistance 
wire strain gage attached 
directly to the specimen; 

(b) A 4-in. thick 6-in. diameter 
rotating Lucite disk, driven 
by a Haydons timing motor, 
and containing on its outer 
surface a coil of alloy resistance 
wire , connected in series with 
the SR-4 strain gage mounted 
on the specimen; 

‘ (c) A contact spring connected to 
the measuring gage at one 
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Spring 


To Measuring Gage o 


Terminals of SR-4 
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Fig. 1.—Schematic Diagram of the Control System for Constant 
Strain Rate in Tension Test. 


end and contacting the resist- 
ance wire on the rotating 
disk at the other; and 

(dq) An SR-4 type K portable strain 
indicator. 


The control system operated as 
follows: 
After the specimen was installed in 


* the apparatus and ready for test, the 


timing motor on the Lucite disk was 
turned on. As the disk rotated, the 
resistance of the mounted wire was re- 
duced at a predetermined rate. At the 
same time, tensile load was applied to 
the specimen at such a rate, controlled 
by hand, that the increase of the resist- 
ance of the strain gage would exactly bal- 
ance the decrease of the resistance of the 
mounted wire in series with the strain 
gage. In other words, the total resist- 
ance of the control circuit was kept con- 
stant throughout the duration of the test. 

Constant total resistance in the cir- 
cuit was maintained by using the SR-4 
type K portable strain indicator with a 
compensating resistance so that all 
the operator had to do was to keep the 
galvanometer balanced in its neutral 
position, by altering the rate of loading. 

It should be mentioned that the 
strain recorded by the SR-4 gage is 
that based on a fixed initial gage length. 
However, for polystyrene the maximum 
fracture strain in tension is only about 
1.5 per cent, and for an ultimate strain 
this small the value of the nominal 
strain is very close to the value of true 
strain based on the instantaneous gage 
length. 
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SR-4 Strain Gage 


Tension Specimen 


Rotating Disk 


In the compression tests, some slight 
alterations in the control system were 
required. Direct attachment of the 
SR-4 gage to the specimen was not 
practical because of size limitations and 
range limitations. It appeared that 
more accurate results over a wider 
range of strain could be obtained if the 


Rotating Disk 


Compressive 
Load 


Compression 
Specimen 


Fig. 3.— Schematic Diagram of the Control System for Variable Strain Rate in Compress 
Test. | 
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Fig. 2.—Schematic Diagram Showing Construction 
and Dimension of 7 Gage. 


strain gage was not directly attached -/ 
the specimen, but rather to a specialil 
designed gage called the a gage, whic} 
itself contacted the specimen. Tiff 
construction of the m7 gage is show 
schematically in Fig. 2 and the contr: 
system itself in Fig. 3. 

‘Basically, the 7 gage consisted of a 4 
shaped steel structure, containing a ye¢ 


Resistence Wire 


Contact Spring 


To Measuring Gage 
Terminals 


? To Compensating 
Gage Terminals of 
SR4 Type K 
Portable Strain 
Indicator 


O 0.002 0.004 0.006 


metal plate soldered to the flat 
#nds of two steel arms. The other 
ends of the steel armis were shaped like 
ynife edges so that there would be no 
tlippage when they were held in contact 
With the surface of the compression 


“tage would move closer together, and a 
~-orresponding but much lesser change of 


‘train would be recorded by the two 
‘Jattached type A-8 SR-4 gages on both 
The inner and outer surfaces of the top 
pring plate. The relation between the 
Hisplacement of knife edges and the 
sorresponding resistance change of the 
5R-4 strain gages was found to be es- 
jentially linear over a large range. For 
i gage length of + in., use of the 7 gage 
>xtended the range of strain measure- 
‘nent to approximately 0.50 in. per in. 
‘The range can be extended even further 
;0 100 or 200 per cent strain change by 
{adjustment of the m-gage dimensions. 
‘A a gage of this type would also be 
‘ielpful in extending the range of strain 
/ neasurement for tensile loading, but for 
the polystyrene tension specimens it 
‘was not found necessary. 

| Two SR-4 strain gages rather than 
‘one were used to balance out resistance 
‘change due to variation of temperature 
jand to increase the magnification of the 
istrain reading. As in the tension tests, 
‘the resistance wire on the rotating disk 
/was connected in series with one of the 
istrain gages, and during operation of a 
test the sum of these two resistances 
was always kept in balance with that of 
the compensating resistance. A similar 
/arrangement was used for strain-rate 
calibration measurements. 

In compression tests, the circuit is 
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0.008 
a Strain 
4) Fig. 4.—Typical Stress-Strain Curve in Tension. 


0.010 O0.012 0.014 0.016 


Strain Rate 5.25 x 10-® per sec. 


therefore so connected that after the 
timing motor is turned on the resistance 
contributed by the resistance wire 
mounted on the rotating disk decreases 
at a constant rate and at the same rate 
as the resistance change produced in the 
circuit by the extension of the 7 gage 
increases. 

For carrying out tests at constant 
strain rates based on a fixed initial 
gage length, a circular rotating disk 
mounted with uniform resistance wire 
is satisfactory. If, however, constant 
true strain rate based on instantaneous 
gage length is desired, a spiral disk 
designed to produce the desired varia- 
tion of the resistance should be used. 
It is also possible to construct a disk 
with such a curvature that a tension or 


compression test could be carried out 
under variable rates of straining. 


CALIBRATION AND TEST PROCEDURE 


The strain rates used in the tension 
test were calibrated by use of the SR-4 
strain indicator which recorded the 
change in resistance of the chromium 
alloy resistance wire as the disk on which 
it was mounted was rotated by the 
various timing motors. Thus, the 
change in resistance of this wire was ob- 
tained in terms of its corresponding 
strain quantities per unit time. Then, 
when the loading rate was adjusted to 
keep the strain indicator at a constant 
value, the specimen would automatically 
be strained at just that strain value 
previously calibrated. 

The 7 gage used in the compression 
tests was calibrated by means of ac- 
curately machined standard blocks of 
different sizes and a portable SR-4 type 
K strain indicator. The blocks were 
used to record the distances between 
knife edges of the 7 gage, and the strain 
indicator to measure the corresponding 
strains. These readings could then be 
correlated to obtain a r-gage factor for 
the particular gage length chosen. 

In the tension tests, the SR-4 strain 
gages were attached directly to the 
specimen by means of a specially pre- 
pared cement supplied by the Monsanto 
Chemical Co. Three coats of cement 
were used, each coat being allowed to 
dry before the next coat was put on. 
Usual procedures for attaching the 
gages were followed, and sufficient time 
was allowed prior to testing for the gages 
to stabilize. In the compression tests, 
the type A-8 strain gages were attached 
to the metallic + gage in the conven- 
tional manner, and the 7 gage, in turn, 
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Fig. 5.—Stress-Strain Curves in Tension at Various Constant Rates of Straining. 
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Fig. 6.—Effect of Rate of Straining on Fracture Strength. 


was attached to the specimen by an 
elastic thread. 

In both the tension and compression 
tests, the test operator acts as a servo- 
mechanism, continually making the 
necessary adjustments in rate of load- 
ing so as to maintain constant total 
resistance in the circuit. Timing 
motors of various speeds are used to 
provide the desired variation in rate of 
strain. The timing motor is started by 
an electric clock, and readings of load 
and time (and hence strain) are recorded 
at desired intervals up to fracture in the 
tension tests and up to 16 per cent 
strain change in the compression tests. 
In these latter tests, the change in the 
diameter of the specimen is also re- 
corded simultaneously with other read- 
ings. 

Tension Test Resuuts 


Tension tests were run on a number 
of polystyrene specimens at four dif- 
ferent values of strain rate varying from 
5.25 X 107% per sec., to 286 X 10~* per 
sec. A typical tensile stress-strain 
curve for a strain rate of 5.25 =X 107% 
per sec. is shown in Fig. 4. The open 
circles are the experimental points and 
the crossed cirele represents the fracture 
point. Even for this rather slow rate 
of strain, it will be noted that poly- 
styrene shows very little plastic flow 
although there is some diminution in 
both modulus of elasticity and tensile 
strength as compared to values obtained 
at higher rates of strain. The actual 
stress-strain curves for four different 
specimens each of which was subject to a 
different constant strain rate are shown 
in Fig. 5. Experimental points on 
which the curves are based have been 
omitted from this figure so as to permit 
greater delineation among the separate 


curves for the individual strain rates. 
The thin line of Fig. 5 is an approxima- 
tion to the true stress-strain curve for 
very rapid rates of straining obtained 
by taking strain readings immediately 
after application of dead weight loading 
on a number of polystyrene specimens. 
It may be seen from this diagram that 
the modulus of elasticity increases with 
increase in rate of straining. More 
accurate data are needed to determine 
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at various constant loads but is the tima 
fracture curve at various constant strak 
rates of testing. 


Effect of rate of strain on fractu 
strain rather than fracture strength | 
almost negligible. This is brought 
out clearly by the plotted data of Fig. : 
These results rather indicate that 4 
gardless of the rate of strain used ° 
the particular test, failure will occ« 
whenever the strain reaches a critici 
value (between 1.4 and 1.5 per centh 
This is approximately the same stra; 
at which failure under creep (long-timi 
conditions occurs, as has been show 
in a previous report (5, 6). It is rathil 
interesting to note in this connectid 
that Maxwell and Rahm (9) foun 
that for clean stress-free specimens tli 
onset of crazing likewise always begaii}) 
for given temperature conditions, |F 
some definite value of strain. For ca} 
polystyrene specimens at room tempe 
tures they found crazing to first oceu 


0.000! 


Strain Rate, per sec. 


Fig. 8.—Effect of Rate of Straining on Fracture Strain. 


the specific amount of this increase, 
but as a rough approximation, it may be 
noted that each fourfold increase of 
strain rate corresponds to about a 4 or 5 
per cent increase in modulus. 


The fracture strength of polystyrene 
increases with increase in rate of strain- 
ing. The increase appears to be a 
linear one on a semilog plot. This is 
shown clearly by Fig. 6 where the data 
from ten separate specimens have been 
plotted. Fracture strength is plotted 
also as a function of time of test in Fig. 7 
and is seen to decrease with increase of 
test period. It is to be noted that Fig. 7 
is not the ordinary time-fracture curve 
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Fig. 7.—Effect of Time on Fracture Strength. 
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or at least become significantly larsi 
at a strain of 0.75 per cent. i 
No significant difference was él 
parent in the nature of the fractures :/ 
the specimens subject to the vided i 
different rates of strain. In all 
stances, the specimen fractured at rigilf 
angles to the direction of applied ten 
load and the fractured surfaces ww) 
very much like those previously o}) 
scribed (5); namely, they exhibit 
fracture cracks radiating outward fre) 
the central source. The source vy 
usually found to lie in the center: 
a small flat circular area, itself lyi i 
adjacent to a surface or within the oth | 
wise amorphous fractured regid 
There was no necking down in any} | 
the specimens and the only noticea) 
difference between specimens tested } 
the lowest strain rates and those tes iT 
at the highest strain rates was a vel! 
slight indication of crazing along 1 
surface edges of the former grov | 
Evidently, the slowest tests were j: | 
about slow enough to permit the craz/ | 
cracks to grow to visible size und) 
action of the applied load. | 


er 
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© Compressive Stress Points Based Upon 
Original Cross-Sectional Area 


e Compressive Stress Points Based Upon 


Instantaneous Cross-Sectional Area 


Strain, per cent 


Vig. 9.—Typical Stress-Strain Curves in Compression. 


Strain Rate 11.9 X 10° per sec. 


(Size of specimen %j> in. diam. by lin.) (a gage length, 4 in.) 


CoMPRESSION Trst RESULTS 


Typical compressive _ stress-strain 
urves for a polystyrene specimen are 
hown in Fig. 9 for both nominal stress 
»ased on original cross-sectional area 
ind ‘‘true” stress based on instantaneous 
*ross-sectional area. The curves shown 
ire for a constant strain rate of 11.9 
"0 persec. It will be noted that there 
is little difference between the nominal 
and the “true” stress until shortly be- 
ore the maximum load is reached. 
‘t is at this point that uniform bulging 
i f the round specimens begins to take 
lace and hence the “true” stress falls 
mereasingly below the nominal stress 
Hue to continued increase in cross-sec- 
Hional area. This area is measured 
‘luring progress of the test by microm- 
ster readings of the diameter which 
we recorded along with the load and 
“ime (and hence strain) readings. After 
houlging starts, the actual state of stress 
lis quite complicated and cannot be com- 
toletely described by a single axial 
true” compressive stress. 


» Tests were carried out at four dif- 
‘ferent values of strain rate ranging from 
wo X< 10° to 712 XX 10 per sec. 
»The effect of strain rate change on the 
stress-strain properties of the material 
is shown by the graphs of Figs. 10 and 
11 showing respectively load-strain 
raphs and “‘true” stress-strain graphs. 
As in the case of tension tests, the 
modulus of elasticity is seen to increase 
with increase of loading rate although 
the variation from one rate of straining 
to another is not quite so noticeable in 
Fig. 11 because of the larger scale used 
for strain. The approximate increase 
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in modulus, however, is of the order ot 2 
to 3 per cent for a fourfold strain rate 
increase and hence is somewhat less 
than that noted for the corresponding 
strain rate change in tension. 

Under compressive loading, the maxi- 
mum load carried by the specimen and 
hence both the nominal and true stresses 
at this value of maximum load all in- 
crease with increase of rate of strain. 
Data show that a fourfold increase of 
strain rate produces an 8 to 10 per cent 
change in maximum load or maximum 


stress. Figure 12 shows that the in- 
crease of ‘true’ compressive stress is a 
linear one when plotted against log of 
strainrate. The maximum compressive 
load or stress appears to occur at about 
the same value of “plastic” strain (1.3 
per cent) regardless of the value of the 
strain rate. This is indicated by the 
dashed line of Fig. 11 and hence the 
“total” strain (elastic plus plastic) at 
the maximum load increases with in- 
crease of rate of strain. 

Under compressive loading, fracture, 
as such, does not occur. Failure takes 
place by localized bulging of the speci- 
men in the center region, the bulging 
first becoming noticeable after maximum 
load is reached. If greater and greater 
axial strains are applied to the speci- 
men, longitudinal cracks open up along 
the circumference of the bulged section 
and usually some small crazing cracks 
become visible along the centerline of 
the round specimen and some distance 
inward from the top and bottom sur- 
faces. These openings and _ cracks 
would appear to indicate the existence 
of tensile stresses sufficiently large to 
produce localized failure. 


Discussion 


Recently, the concept of the exist- 
ence of a mechanical equation of state 
for solid materials has been revived 
(10, 11,12). Itis proposed, at least as a 
first approximation, that stress, a, be 
considered a function only of the in- 
stantaneous values of plastic strain, 
e, strain rate, €, and temperature T. 
Thus, ¢ = f(e, é, T). This assumes 


Load in 248 lb. 


(0) 2 4 6 8 
Strain, per cent 


Fig. 10.—Load-Strain Curves in Compression at Various Constant Strain Rates. 


(w gage length, 14 in.) 


(Size of specimen 9{¢ in. diam. by 1 in.) 
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14 000 


O 2 4 6 


10 l2 14 16 18 


Strain, per cent 
Fig. 11.—Stress-Strain Curves in Compression at Various Constant Strain Rates. 


(Size of specimen 96 in. diam. by 1 in.) 


that prior strain history has no effect 
on the subsequent behavior and as- 
sumes also that time is not explicitly 
involved as a separate variable. If 
these conditions are met, then tensile- 
creep properties of the material can be 
derived from simple tension behavior 
under various constant strain rates. 
The required procedure is simply to use 
the stress-strain data at varying strain 
rates to plot graphs of the reciprocal of 
strain rate versus the strain. For given 
values of strain, the area under these 
curves will then give values of time so 
that a derived creep strain-time curve 
can then be plotted. 

The question has frequently arisen 
whether some such relation as the above 
would be a fair approximation for 
plastic materials and whether it could 
be used to predict tensile creep or re- 
laxation behavior. In polystrene, at 
least, the answer would appear to be 
negative. In the first place, at stand- 
ard temperature conditions, polystyrene 
is quite brittle and even when the strain 
rates are varied over wide ranges, there 
is still almost no plastic flow. At even 
the smallest strain rate used in our tests 
the fracture strain was still only about 
1.4 per cent. Because of this, creep 
curves could at best be predicted for 
only small times of the order of mag- 
nitude of the time required to run the 
strain rate test itself and hence the 
method would have no particular ad- 
vantage even if applicable. 

To test its possible validity, the sug- 
gested graphical procedure was carried 
out for several different stress values 
and the derived strain-time curves 
then compared with the known creep- 
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(x gage length, 14 in.) 


time curves obtained previously (4, 7). 
The ‘‘derived” curves, aside from their 
limited time range, did not correspond 
with the experimentally determined 
relations. An additional factor prob- 
ably contributing to the failure of any 
such equation of state being applicable 
to polystyrene is the fact that “crazing” 
(13) of polystyrene is a time-dependent 
phenomenon. Therefore, no short-time 
tests in which this factor is relatively 
unimportant can be expected to provide 
long-time test information where ‘‘craz- 
ing’ would be of considerable impor- 
tance. 

A plastic material in which no such 
phenomenon as “crazing,” aging, or 
other time-dependent process involving 
structural changes, were involved, would 
perhaps be a more fortunate choice to 
check the “equation of state” concept. 
Even if such a material were available 
and did have the necessary plastic flow 
properties, it is still questionable 
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Fig. 12.—Effect of Rate of Straining on Maximum “True” Compressive Strengtli! 


(Size of specimen 9{6 in. diam. by 1 in.) 
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whether creep performance could bf 
accurately predicted, as dependence ow 
prior strain or stress history would 
tend to invalidate the attempted cor 
relation. It would also seem better ti 
attempt to predict “compressive” stress 
strain properties rather than tensile, a 
under compression there is a consider 
able amount of plastic flow. Un 
fortunately, experimental creep-timy 
data are not yet available althoug', 
equipment for carrying on such tests 
has been constructed and some pra 
liminary tests started. 
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Film 


Grows 11 of Subcom- 
uttee XVIII on Physical Properties of 
Materials of Committee D-1 on Paint, 
arnish, Lacquer, and Related Products 
-as developed two methods for the 
reasurement of dry film thickness. 
he one, a method for the measurement 
the dry film thickness of paint, var- 
, lacquer, and related products 
thich are 0.5 mil or greater in thickness, 
as been published as Tentative Method 
1005-49 T.2 The second method 
hich was accepted by Committee D-1 
a June for submittal to letter ballot 
pproval will measure films below 0.5 
failthick. The second method overlaps 
nd supplements the first method. 


“Bret 


INSTRUMENTS 


| There are a great many types of 
machines used for the measurement of 
‘um thickness of paint, varnish, lacquer, 
ind related products. In the develop- 
nent work of the Tentative Method 
) 1005-49 T, eight different types of 
easuring instruments requiring various 
iechniques were studied A short de- 
scription of these instruments and tech- 
aiques follows. 

~ One film thickness gage based upon 
the magnetic principle of measurement 
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Thickness Measurements 


By E. J. Dunn, Jr.’ 


is the Magne Gage (Fig. 1). Essentially 
this instrument consists of a small per- 
manent bar magnet 0.08 in. (2 mm.) 
in diameter, freely suspended from a 
horizontal lever arm. The lever arm is 
actuated by a spiral spring which is 
coiled by turning a graduated dial. 
The attractive force between the magnet 
and the specimen is balanced against the 
spring tension as indicated on the gradu- 
ated dial. The readings obtained are 
related to the magnetic reluctance in- 


troduced by the film and can be con- 
verted to film thickness by reference to 
calibration curves supplied with the 
instrument. The instrument is adapted 
to various applications and thicknesses 
by means of readily interchangeable 
magnets which differ principally in size 
and strength. 

During the last year, two small port- 
able film thickness machines have come 
to the committee’s attention based on 
the magnetic principle, namely, the 


Fig. 1.—Magne Gage. 
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Fig. 2.—General Electric Gage. 


Krouse Machine and the Elcometer. 


Another film thickness instrument 
used in our committee work is the 
General Electric Gage (Fig. 2). This 
operates on the principle that any non- 
magnetic material applied to an iron or 
steel base is equivalent to an air gap 
interposed between the magnetic base 
and the two magnetic pole tips, or 
flanges, of the gage-head. When the 
pole tips, or flanges, of the gage-head are 
placed against the surface of the non- 
magnetic material, the magnetizing 
current in the gage-head coil sets up a 
magnetic flux which “threads” through 
the iron core of the gage-head, across 
the two small gaps imposed by the non- 


Fig. 4.—Lipson Gage. 
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magnetic material, and through the steel 
base material. The reluctance of this 
flux path is predominantly a function of 
the length of the gap in the magnetic 
circuit, and the electric impedance of the 
gage-head varies as a function of the air- 
gap length or the thickness of the non- 
magnetic film material. This machine 
is usually calibrated with sheets of 
cellophane or celluloid of known thick- 
nesses. + 

The Filmeter is an instrument used to 
measure the film thickness of nonmag- 


Peay eo on 


netic materials applied to a nonmagnetic’ 


base (Fig. 3). This instrument is 
based upon the phenomenon that when 
a-c. current flows in a coil near the sur- 
face of a nonmagnetic metal, eddy cur- 
rents are set up in the metal which 
affect the inductance of the coil. The 
measuring instrument makes use of the 
heterodyne principle in order to compare 
the variable frequency of one oscillator 
with the fixed frequency of another. 
The two oscillators beating against each 
other produce an audible note having a 
frequency equal to the difference of the 
two oscillator frequencies. By adjust- 
ing the capacitance in the variable os- 
cillator circuit by means of a condenser, 
this tone can be eliminated. The 
amount of adjustment depends upon 
exactly how far away from the base 
metal the pickup coil is located, which 
in turn depends upon the thickness of 
the insulating layer. 

A film thickness instrument for 
measuring nonmagnetic coatings on steel 
is the Lipson Gage (Fig. 4). This in- 
strument requires a source of alternating 
current which is used to energize a 
solenoid containing a movable iron core. 
If the energized solenoid is held in a 
vertical position over a coated steel 
article and lowered sufficiently to permit 
the lower end of the core to contact the 
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Fig. 3.—Filmeter. 


surface, the distance through wh 
may be raised for the pull of the sa 
to overcome the attraction of t 
for the base metal will vary iny 
with the thickness of the coating.» 

Two types of electronic miecro/ 
were used in this cooperative . 
One is the R. W. Carson micraple 
and the other was the Jack & 
electronic micrometer. These 
ments are designed to give precise 
urements of film thickness. 
members of our committee hail 
R. W. Carson electronic microm 
considerably more data were cu 
with this instrument (Fig. 5h 
paint films, the manufacturer iii 
mends an anvil diameter of }-#h 
the anvil load of 4 oz. which is equi 
to a unit pressure of 20.5 psi. 1 
very light load and comes witily 
specifications for micrometers 
ered satisfactory for measuring #2 
thickness of organic coatings! 
micrometer has an electronic el 
ment to make a sharp contact Mik 
metal. A bulb lights up so the «fitc 
knows contact has been estate: 
An accuracy of the micrometer iP) 


\ 


Fig. 5.—Electronic Microm : 


1 


Fig. 6.—Dial Micrometer. 


“uimed to better than 0.000010 in. 
»- a dial increment of 0.005 in. or less. 
keep panels rigid, it has a hold-down 
tachment which is supplied as a 
hhndard attachment for making paint 
4m thickness measurements. 
‘Another method used was the meas- 
Mement of the cross-section of the paint 
‘jm by mounting specimens for micro- 
Hopic examination. This method is 
nite satisfactory for many specimens, 
"it when samples are mounted on 
tal it is often difficult to obtain cross- 
Wétions. If the film is on tin plate, it 
Tay be readily removed with mercury 
"id mounted under the microscope. 
*his method has merit, but it appears 
=e results obtained are somewhat de- 
mndent upon the technique of the 
ounting, and the operator, and, there- 
Yre, this method was not considered an 
eal type for an ASTM method. 
One technique which was used in some 
‘the work was the determination of the 
eight of paint overagivenarea. Ifthe 
becific gravity of the paint is accurately 
nown, a calculation can be made of the 
m thickness applied. Although this 
ethod is used in the industry for certain 
direct types of control on coatings, it 
as not given very enthusiastic support 
our original work on film thickness 
leasurements. 
|The final instrument or technique 
sed in the first phase of the committee 
ork was the micrometer measurement. 
fnitially, various types of micrometers 
(nd micrometer-heads were used, but it 
/as decided a micrometer of the dial 
ype was most suitable for the purpose 
ig. 6). Such an instrument should 
ave a 4-in. dial which is large enough 
) be read directly to 0.0001 in., and an 
stimate can be made to the nearest 
00001 in. This is the type described 


pbruary 1951 
> 


in ASTM Tentative Method D 1005- 
49 T. The pressure foot or that part of 
the micrometer contacting the film is 
limited from 7g to } in. in diameter and 
is flat on the bottom. The load on the 
presser foot is restricted between 20 and 
40 psi. This instrument meets the 
specifications for micrometers described 
in ASTM Method D 374.3 

When such a gage is used to measure 
film thickness to 0.0001 in., it is neces- 
sary to have a satisfactory means for 
holding the panel in place. The equip- 
ment in Fig. 6 is one representative type 
for the purpose. Other types are used 
in industry and have been found to be 
equally satisfactory. 


M®asurEMEnts Azsove 0.5 Min 


With all these instruments available, 
a “round robin” of film thickness meas- 
urements was made on six panels repre- 
senting measurements on three types of 
organic coatings and four different types 
of application. These coatings were 
applied by a dip coater, inclined doctor 
blade, automatic spray, and by roller 
coater. An individual set of panels was 
forwarded to each of seven laboratories. 
Each laboratory was requested to make 
measurements with as many instru- 
ments or techniques readily available 
at their laboratory. Figure 7 illustrates 
the character of the results obtained. 
Considering that no limitations as to 
methods of measurement, techniques of 
calibrating instruments, or differences 


3 Methods of Test for Thickness of Solid 
Electrical Insulation (D 374 — 42), 1949 Book of 
ASTM Standards, Part 4, p. 871. 
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in panel preparation were prescribed, the 
committee felt that a good set of data 


_ was obtained in this first series of “round- 


robin” results. It is evident from the 
chart that there is an indication of part 
of the data following a pattern. Certain 
laboratories’ data were higher than 
others. When such a pattern is ob- 
tained, it seems to be a question of cali- 
bration of equipment. In this series, 
the General Electric Gage results were 
more erratic than the Magne Gage re- 
sults. Microscopic measurements agree 
quite closely with the micrometer meas- 
urements for the thicker films. How- 
ever, in the case of the thinner films, 
the microscope seemed to give high re- 
sults. The micrometer values were 
a good average of all the values. 

With these data available from seven 
different laboratories covering six dif- 
ferent techniques, the committee tried 
to decide what accuracy would be ac- 
ceptable for this film thickness work. 
For most work, it was felt that results 
within +0.1 mil, wereadequate. Meth- 
ods were then prepared based on four of 
the machines, and in discussing them, 
the suggestion was made that practically 
all laboratories have or could afford a 
dial micrometer. Therefore, it was 
decided to use the micrometer as the 
basis for comparing or calibrating 
other film thickness machines. This 
basic decision allowed the work of the 
committee to progress at a faster pace. 
It should be added that this does not 
preclude the use of the other nondestruc- 
tive machines, but if there is a discrep- 
ancy, the calibration should be made 
against a micrometer meeting the 
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Fig. 8.—Second Cooperative Series. 


requirements of Method D 1005-49 T. 
In accordance with this decision, a 
tentative film thickness method based 
upon the dial micrometer was prepared 
and subsequently accepted by Com- 
mittee D-1. 


Weieut Densrry Mreruop 


The second phase of this work was 
based on the measurement of films be- 
low 0.5 mil thick. It appeared the 
main interest for such measurement 
centered around lithographic coatings 
and can coatings. It was, therefore, 
decided to have a group of approxi- 
mately ten members take on the task of 
measuring the film thickness and to have 
a portion of the group concentrate on 
the weight-density measurement method 
since the weight-density method was 
favored by the lithographic coatings 
group. Accordingly, two coatings, one 
a clear phenolic and the other a white 
alkyd, were spread on three types of 
base stock, namely, electrolytic tin, 
bonderite K, and cold-rolled steel. A 
series of panels were prepared and dis- 
tributed among ten laboratories with 
the idea of concentrating on the weight- 
density method and to also use such 
auxiliary methods that appeared help- 
ful. Figure 8 illustrates the results of 
this study. After about a year’s work, 
the group decided that although the 
weight-density method gave reasonably 
consistent results, it was too complex, 
too laborious, and too time-consuming 
to make an acceptable ASTM method, 
At the same time, some laboratories 
reported results with the Magne Gage 
which were quite uniform. The dial 
micrometer results were quite uniform 
for the 0.4-mil thickness but were un- 
satisfactory for the 0.05-mil film. These 
data emphasized the fact that the meas- 
urement of film thickness for very thin 
films presented a difficult problem. 
It might be added that several labora- 
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tories had difficulty making these meas- 
urements. 


CALIBRATION OF EQUIPMENT 


On further discussion, it was decided 
to attempt to standardize the various 
instruments used in our previous work 
so that all the various laboratories could 
measure the same sample and calibrate 
their machines according to standards to 
be distributed. Two procedures of 
standardization were selected. For 
those laboratories having the Magne 
Gage, the National Bureau of Stand- 
ards volunteered, through the efforts of 
Mr. Blum, to prepare another series of 
calibrated standards, primarily to cover 
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Q ELECTRONIC MICROMETER 


® OPTIMETER 


THICKNESS, MILS 


Fig. 9.—Calibration with Metal Foils. 
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thin films in the order of 0.1 and 0.2 n 
thick. These new standards were o 
culated so that each member coy 
definitely put his Magne Gage on t 
same basis of calibration. ! 

| 


Another procedure was to calibr. 
all machines on a series of metal foi 
A series of metal foils, furnished by ¥ 
Phair of the Bell Telephone Labo 
tories, covering the range of film thia 
ness of 3 mils down to 0.2 mil thie 
was circulated to all cooperating labo» 
tories, and measurements were ma 
with all machines available to ea 
laboratory. A large amount of d 
was received in this study and turn 
over to a statistician to designate a bi 
average value to use for each foil. Eat! 
committee member was then request, 
to accept this calibration and to corri, 
any future film-thickness measureme 
in accordance with this calibration. 


Figure 9 illustrates the character? 
the results obtained on these foils. . 
is evident from the data that the c} 
indicator has given very consistent 
sults. The group accordingly felt tl) 
its previous decision that the microme 
gage was one of the simplest and b 
means of calibrating film thickness me ) 
urement machines was sound. 1) 
results with the Magne Gage were qu 
satisfactory, but occasionally the Mas} 
Gage would show an erratic value. | 
suggestion was received from | 
Malone of the Western Electric | 
that a string release, together wit! 
motor drive to free the magnet of 


== 
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© MAGNE GAGE 
@ DIAL MICROMETER 
@ GENERAL ELECTRIC 
1.50 O ELECTRONIC MICROMETER 
@ INTERCHEM. WET FILM 
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fagne Gage and also mounting the 
yachine on a vibradamp base, as used 
them, helped to unify the release of 
#2 magnet from the film and thus give 


“It was also evident in this series that 
e results with the General Electric 
age were inclined to be high. This was 
‘becially true in some laboratories, 
jicating that a better calibration 
>uld bring the particular machine into 
‘te. Results with the electronic mi- 
pmeter are quite similar to the dial 
‘icrometer gage values, especially for 
“ms above 0.5 mil. The optimeter 
@lues closely approximated results 
)th the dial micrometer. In view of 
»| the above measurements, it appeared 
at the various film thickness machines 
uld be calibrated to give the same 
‘m-thickness measurements. 


MeaAsurREMENTS Betow 0.5 Min 


| Following this preliminary calibration 
cork, a specially prepared series of 
jinels was prepared, through the efforts 
+ Mr. Loy Engle of the Interchemical 
jorp. The panels were taken from an 
}tual production coating schedule in 
jhich the film thickness was varied 
fom 0.5 mil down to 0.1 mil thick. 
live different types of coatings were 
sed for the purpose, and all the coatings 
‘ere applied on three types of stock, 
amely, tin plate, bonderite K, and cold- 
oiled steel. 

A “round-robin”’ series of results were 
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Fig. 10.—Fourth “‘Round-Robin” Series. 


obtained from twelve laboratories using 
five different film-thickness machines. 
In this series of tests, an additional ma- 
chine was included, namely, the Inter- 
chemical Wet Film Thickness Gage. 
The wet film thickness gage was adapted 
to dry film thickness measurements. 
The results of this “round-robin” series 
of data are illustrated in Fig. 10. By 
studying this chart, it is evident that 
certain of the data appear to be off, 
Such data have been enclosed with 
squares or rectangles. By using these 
data and the data from a subsequent 
chart, a grand average of values was 
obtained. Taking into consideration all 
the problems of calibration, variation 
of panel preparation, and coordination 
of various laboratories, it appears that 
this correlation of results is satisfactory. 
Results with the Interchemical Wet 
Film Thickness Gage were consistent, 
but for those films below 0.5 mil, results 
were on the high side. This appears to 
be a matter of calibration to bring the 
results in line with other machines. 
Measurements below 0.1 and possibly 
0.2 mil are not reproducible with the 
dial type micrometer. Difficulties arise 
with most machines in this range of 
measurement. 

Inthis study, the General Electric Gage 
gave results almost as consistent as the 
Magne Gage. However, the Magne 
Gage appeared to be the machine that 
gave the most consistent results in all 
four series of “round-robin” measure- 
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ments. In view of this, it was decided 
that the supplementary method to 
Method D 1005-49 T should be based 
upon the Magne Gage. Accordingly, 
a proposed tentative method was pre- 
pared and is in the process of being 
considered by Committee D-1. 

A word of caution should be made at 
this time. Film thickness measurement 
of very thin films is a difficult problem, 
and proper techniques have to be applied 
to the use of any method. Tacky films, 
for instance, cause magnets to stick, and 
such films might be compressed by 
micrometer spindles. Some precau- 
tionary information is included in the 
use of these methods. 

A third assignment for our committee 
is the consideration of a method for wet 
film thickness measurements. The com- 
mittee eventually will conduct some 
cooperative work to try to develop a 
suitable ASTM wet film thickness 
method. 

Cooperators in this film thickness 
work were: 


L. 8S. Engle—Interchemical Corp. 

E. R. Stacy—American Cyanamid Co. 

H. D. Pharo—American Cyanamid Co. 

R. J. Phair—Bell Telephone Labora- 
tories 

C. C. Hipkins—Bell Telephone Labora- 
tories 

M. G. Bell—Ditzler Color Division 

F. C. Schmutz—New Jersey Zinc Co. (of 


Pa. 

A. E. Jacobsen—National Lead Co. 

J. A. Boylan—Parker Rust Proof Co. 

E. T. Fitzgerald—E. I. du Pont de 
Nemours and Co., Ine. 

M. R. Euverard—lInterchemical Corp. 

H. E. Malone—Western Electric Co. 

G. G. Sward—National Paint, Varnish 
and Lacquer Assn. 

M. H. Switzer—Continental Can Co. 

A. L. Alexander—U. 8. Naval Research 
Laboratory 

E. J. Dunn, Jr.—National Lead Com- 
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A Test Method for Determining Fogging Properties of 


By Vincent J. Marchese’ and Stanley J. Klima’ 


Organic Materials 


SYNOPSIS 


Operating temperatures of equipment often reach the level at which their 
structural organic materials decompose liberating vapors which condense 
on cooler portions of the equipment causing a condition known as fogging. 
Fogging may introduce undesirable equipment malfunctioning or interrupt 
service. This paper describes a test apparatus and method for determining 
the fogging characteristics of organic materials, and presents results of tests 


on a variety of materials. 


R TH past few years, 
engineers have encountered an elusive 
materials - application problem com- 
monly referred to as fogging, that is, the 
condensation of vapors on cold surfaces, 
such as instrument dials and optical 
components or internal parts, which im- 
pairs the reading or correct operation of 
the instrument. Investigations reported 
in the literature have been primarily in 
the field of fogging of aircraft windshields 
where water droplets are condensed on 
the surface of the windshield and other 
vision devices from air at a temperature 
above the dewpoint upon surfaces which 
are below the dewpoint temperature.” 
Various “anti-mistants,” which fall into 
the class known as synthetic wetting 
agents, have been suggested by Main- 
Smith*®, and E. A. Vitalis‘ and the Na- 
tional Research Corp.” for the preven- 
tion of fogging by reducing the surface 
tension of the glass sufficiently to per- 
mit the formation of clear water films. 
The current investigation has been con- 
cerned with the fogging produced by con- 
densable vapors driven off from organic 
materials under conditions of high am- 
bient temperature. Seymour® found 
that the type of decomposition products 
obtained in the pyrolysis of polymeric 
ENVIEED that to nbintes Coe ae 
attention of the author. Address all communica- 


tions to ASTM Headquarters, 1916 R St. 
Philadelphia 3, Pa. : me 


1 Leader of the Chemical Group and Chemist, 
rpectively, Sperry Gyroscope Co., Great Neck, 


* National Research Corporation, “Fogging of 
Vision Devices Under Flight Condition” (OSRD 
Report 894), n.d. 9 p.; obtainable from the U. 8S. 
Department of Commerce, Office of Technical 
Services as PB 23766. 

’J. D, Main-Smith, and J. Darge, ‘‘Anti- 
Misting Agents for Aircraft,” Chemistry and 
Industry, Nos. 8, 9, 10, February 22, March land 
8, tee es 

_ A. Vitalis, ‘‘Anti-fogging Composition.” 
U. 8. Patent No.'2,414,074 (1947), ; 

5 R. B. Seymour, ‘‘Pyrolysis of High Polymeric 
Hydrocarbons,” Industrial and Engineering 
Chemistry, Vol. 40, pp. 524-527 (1948). 
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hydrocarbons was a function of the 
structure of the hydrocarbon chain and 
the volatility of the products of pyroly- 
sis. Rosen and Thomas’ found that the 
addition of small amounts of aromatic 
compounds of a “‘phenolic” nature delays 
the rate at which polymers decompose at 
any temperature. 

Several methods of test for evaluating 
the fogging characteristics of organic 
materials were investigated. The in- 
consistency of these methods led the 
Materials Laboratory to develop a new 
test procedure and associated equip- 
ment which greatly improve the repro- 
ducibility of results. A technique was 
also developed to give a permanent 
photographie record of the fog deposit 
produced. 


THe PROBLEM 


A number of organic materials such as 
oils, greases, insulating tubings, im- 
pregnating varnishes, etc., are used in 
practically all Sperry equipment. These 
materials when used under low-tempera- 
ture conditions usually perform their 
intended functions satisfactorily. How- 
ever if temperatures are allowed to rise 
(usually to 82 C. (180 F.) or above de- 
pending on the organic material) these 
materials begin to break down chemi- 
cally, liberating vapors which sometimes 
are corrosive. These vapors condense on 
cooler parts of the equipment causing 
considerable trouble through fogged 
optics, fouled slip-rings, or increased 
resistance of low-pressure electrical 
contacts. In evacuated gyro systems 
fogging is further aggravated because 
the decomposition and vaporization 
temperatures of these organic materials 
are lowered. As a result the vacuum is 


° R. Rosen and R. M. Thomas, “Pol Com- 
position,’’ U. 8. Patent No. 2,244,021 194i). 
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soon lost under fairly low-temperatun 
operating conditions and the gyro ove? 
heats due to increased windage and fai 
ure is likely to occur. “Dye and ki 
man’ suggested a moisture control sy} 
tem for aircraft instruments containin’ 
vacuum-operated gyros. ‘The syster 
consisted of a perforated tubesurround ‘ 
by silica gel crystals and the whole ii) 
closed by a heating coil. i 


APPARATUS 


The test apparatus developed by tli 
Materials Laboratory for evaluating tlif 
fogging properties of organic material: 
simulates the material application conch 
tions since essentially the method cow 
sists of heating a sample of the tell 
material and condensing the liberates! 
vapors on a cool surface. 

The test apparatus consists of an ¢ } 
bath maintained at 82 + 0.5 C. (180 BE 
a constant temperature water-circulal} 
ing system maintained at 15 +0.5 (/ 
(59 F.), and the test cells in which tli} 
sample is heated and the vapors a.| 
condensed (see Figs. 1 and 2). 

-The size of the sample to be used 7 
varied somewhat with the materie/ 
For oils, greases, and potting compounm 


7E. R. Dye and R. J. W. Koopman, “A Moi 
ture-Control System for Aircraft Instrumen# 
Containing Vacuum Operated Gyros,” Ivstis| 
ments, Vol. 19, pp. 400-401 (1946). i) 


t 
5] 


tory for Obtaining Data on Fogging Chi! 


Fig. 1.—Apparatus in Materials Laboy 
acteristics of Samples. I} 


' 
| 
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i 
i 
*g. 2.—Cooling Chamber for the Fogging 
{ Apparatus. 
; 


Fig. 4.—Plates Showing Variation 

of the Powder Retention on Glass 

; Plates After Immersion in Oil- 

Solvent Solutions of Varying Per- 
centage. 

0.1 per cent (upper left); 0.25 per cent 


(upper right); 0.5 per cent (lower left); 1 
: per cent (lower right). 


2 


Fig. 5.—Fogging Characteristics of 
Typical Materials. 


Polyester resin saturated Fiberglas 
tubing (upper left), grade A, from com- 
pany H; same tubing (upper right), grade 
B; the silicone saturated Fiberglas sleev- 


ing (lower left) from company I. 


——E——EE—E SSS 


Fig. 3.—Photographic Part of Fogging 
Test Apparatus. 
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300 mg. of sample are used; for wire 
insulation, 500 mg. of sample are used; 
and for organic finishes and impregnat- 
ing compounds, actual sample pieces 
are used. 

A platinum crucible containing the 
sample A is placed in a 4-oz. (fluid), 
screw-top jar B (Fig. 2) which is im- 
mersed in the temperature-regulated oil 
bath. The jar is covered by means of a 
cell C which contains an instrument 
glass plate D (#s- in. thick and 3 in. 
diam.) sealed with sulfur-free neoprene 


Trst PROCEDURE 


The sample to be checked for fogging 
properties is weighed accurately in the 
platinum crucible and placed in the 4-02. 
jar immersed in the oil bath. The test 
is run for 16 hr. during which time any 
vapors from the sample are condensed 
on the cooled glass plate. At the com- 
pletion of the test, the cell is opened and 
the sample is weighed and percentage 
loss in weight calculated. 


In order to obtain a permanent photo- 


posure to an ultraviolet light source, 

Details of the process appear below; 
Phosphorescent Luminescent Powder: — 

A zine sulfide (nonradioactive) palk 
green pigment was used as the dustin 
powder. It can be procured from t 
Luminous Products Co., Great Neek 
ING 1G 


Photo Conditions: | 


The setup for taking the photograph 
is shown in Fig. 3. The ultraviol 


eraphic record of the fog, the deposit 
on the glass plate is first dusted with a 
phosphorescent luminescent powder us- 
ing an air atomizer. The excess powder 
is removed by means of an air blast set 
at40 psi. with the nozzle fixed at approxi- 
mately one foot from the glass plate. 
Photographs are then obtained by ex- 


light source, a 15-w. tubular unit typ« 
is placed adjacent to the specimens 2) 
shown so that the illumination is uni! 
form. 
A Leica 35-mm. type camera with || 
50-mm. Sumar lens was used. : 
Photographs were taken on Eastma) 
Lino-graph ortho film with an exposuii 
time of 73 sec., at f 6.3. An ultraviole) 
filter and a Pan-Ortho No. 2 filter weit 
used together. 
The film was developed 4 min. 
> Loss in 68-70 F. in G. E. X-ray developer. 
Sample Description Weight, Surface Condition of Glass Plates 3 by 3-in. prints were made on dl 
per cent 
fender No. 4 paper exposed for 5 s 
at f 4.5, and developed 14 min. 


gaskets. Water from a constant-tem- 
perature circulating system enters the 
top section of the cell and cools the in- 
strument glass plate to 15 + 0.5 C. 
Vapors from the samples are condensed 
on the underside of the glass so that 
comparative fogging characteristics can 
be made. 


TABLE I.—RESULTS OF FOGGING TESTS ON SEVEN GROUPS OF ORGANIC MATERIALS.? 


= [= a ae ores = CS 


Ort LuBRICANTS 


o> 


Instrument oil, from company A.............| 0.46 Light fog, finely dispersed 70 F 

Synthetic lubricating oil, from company B....| 0.23 Very light, finely dispersed fog ‘h . a 

Synthetic low volatility aircraft instrument oil, This method was studied at lengty) 
ANOIMECOMP AUVs Cr acetone rcicke archaea mites 0.28 Light fog . ; [ 

Rotor bearing oil, from company A........... 0.72 Heavy fog, clear oil film to determine whether various amo : 


eee ee of donate on the glass plate could }i 

Synthetic lubricating grease with rust inhibi- distinguis ed by this photographie 
7 gear from company Aa 5 | 9°98 nique. Solutions of varying compos 

ow-viscosity silicone grease, from company D.| 1.16 o S s s "| 
High-viscosity silicone grease, from company tions, 0.1 to 1 part of lubricating oil to $ 

WWios 3h gad ak aged hats cee ee 0.66 parts of solvent were prepared. Cher 
ically cleaned instrument glass plat 

were dipped into the solutions and = 

lowed to air dry. After drying, tl) 


Slight fog, finely dispersed 
Slight fog, finely dispersed 


Slight fog, finely dispersed 


AnTI-SEIZE CoMPOUNDS i 


Compound composed of 50 per cent zine dust 
and 50 per cent grease by weight, from com- | 


DLVgeA Re ree ee RORE scale hares nape’ Sicice wean aN ee pe 0.28 Slight fog F 

Thread lubricant composed of 50 per cent zine plates were dusted and photographed , 

dust and 50 per cent petrolatum by weight, d xe : Y 
SMe ncial coger cat sisc ae ene oe escribed above. Results are given § 
Zi U i t 

and 50 per cent medium viscosity silicone by Fig. 4. it will be noted thata good on 

weight, from company D.................. 0.47 —‘|Slight fog parison is indicated and that the powdi! 


Fiexisie Insunatine Tusrne retention varies proportionately with t 4 


amount of residual oil. 


General purpose clear vinyl tubing, from com- 
POAT Vin nar warren rt sir cS che eae ee ee, 0.90 


: ; Heavy fog, oil-lik ul 
Varnished cambric tubing, from company G...| 2.21 Eiges topo 


Very heavy fog 


RESULTS AND Discussion 


grade A, from company H..... 0.13 Heavy, finely dispersed fo Fig. 5 1 . I 
x / left) | & [see Fig. 5 (upper The Materials Laboratory has testi 
yester resin saturated Fiberglas tubing, a consid bl b f organi mn 
grade B, from company H................ 0.15 Heavy, finely dispersed fog [see Fig. 5 (upper . eee se © UE OL ee ety q | 
Silicone saturated Fiberglas sleeving, from ao ELS during dine pat ie hee it 
COMPA Velen tee ine eect ae Renin nee (Oealit fogging properties and the results ai} 


Tnehs finely dispersed fog [see Fig. 5 (lower 
= os eft) | given in Table I. 
Wire INSULATION 


The materials a} 
listed under seven groups: namely, oi 
greases, anti-selze compounds, flexii 
insulating tubing, wire insulation, i 
pregnating varnishes, and rubber. 

all cases the percentage loss in weigy/ 
and a visual observation of the amoui!! 


Vinyl insulated wire, from COMPANY Jitenie aye. 0.099 


Vinyl insulated wire, from company K........) 0.26 pent ioe 


Heavy fog 


font 


IMPREGNATING VARNISHES 


Field coils impregnated with varnish, from 


COM DAN yas Se epee ret en en) wa an 0.065 Very slight fog 


company Wisin Aen none i p 
apany eee eave -| 0.56 [Very slight fog of fog on the glass plates are reported 
Rieeee A typical series of photographs of f 
pee Syathene rubber sheet, medium hard- deposits obtained from some flexili 
TULO TON COMP AD YAN ivan crrermn ere 0.40 Light fog, oil-like material 


Buna-N synthetic rubber sheet, soft, from 


insulating tubing samples appear und 
INGE Ram oar ies See Cee te 0.88 | 


Fig. 5 and are illustrative of the type d 


Light fog, finely dispersed 


aM tern e mre Neen ins Wwe) 0 816 seh Cie. la eb-a teat ic. ie Por aries y h i : 
Berane sponge rubber, soft, from company cece pepe: . oe ae oe a ee P 
30016-o CAS OO SUG OOOO ERA EAS Ria ein Rete eee 2.30 Heavy fog poses. . | 
The magnitude of the fog deposits 


* Weighed samples were maintain 5 
were photographed and the s Beton 


C. (180 + 0.9 F.) for 16 hr., after which vapor deposits 
properties, 


amples reweighed to calculate percentage loss in weight i i generally proportional to the ercent 
ght and to derive fogging Pp 


loss in weight of the samples tes 
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»owever, in several cases this is not 
fue, particularly if one compares one 
froup of materials with another. A 
| Jossible explanation may be that some 
“ih ganic materials give off vapors during 
he heating period which are of the high- 

apor pressure, low-boiling-point type 
yhich do not readily condense on the 
| On the other hand, 
ynere are some materials which liberate 
8 } W vapor pressure vapors which readily 
»jondense on the glass plates and there- 
‘pre exhibit a heavy fog for the same loss 
; The amount of these break- 


fo predict. This test method, however, 
“tas been found very valuable in deter- 


mining fogging properties of materials of 
the same type since both a loss in 
weight of the sample and the visual 
effects of the condensed volatile mate- 
rials are obtained. These results will 
determine whether a material can be 
used at high ambient temperatures in 
the vicinity of optical systems, electrical 
contacts, or in evacuated systems. 


CoNCLUSIONS 


Organic materials such as lubricating 
oils, greases, wire insulation, rubber, etc., 
which are used in equipment operated at 
high ambient temperatures form vapors 
which may condense to produce fogging 
problems. 


SYNOPSIS 


The development by Subcommittee I of ASTM Committee D-15 on En- 
gine Antifreezes of a simple apparatus and technique for determining the 
freezing point of aqueous solutions of engine antifreeze is described. The 
method represents a combination of the best features of three suggested pro- 
cedures with other modifications suggested from experience gained in an ex- 
tensive cooperative testing program. 
accuracy of the determination along with observations by the cooperating 
laboratories on the limitations of the apparatus. 
gram is not complete, the material presented is for information only, but 
should be of help to laboratories desirous of setting up the apparatus. 


Data are presented indicating the 


Since the final test pro- 


A: THE time Commit- 


‘tee D-15 on Engine Antifreezes was 
‘founded, in 1947, it was recognized that 


ipoimt of aqueous antifreeze solutions. 
}Subcommittee I on Freezing Point De- 
terminations was therefore organized 
twith Donald B. Brooks of the National 
+ Bureau of Standards as Chairman. Mr. 
| Brooks continued in this capacity dur- 
fing the study and testing of several 
methods and the initial development of 
f the present test. In 1949, Mr. Brooks 
‘resigned from the chairmanship because 
of a change in employment and was re- 
i placed by R. E. Mallonee of the Na- 
tional Carbon Research Laboratories. 
Initially, the subcommittee consid- 


NOTE.—DISCUSSION OF THIS PAPER IS 
INVITED, either for publication or for the 
attention of the author. Address al! communica- 
tions to ASTM Headquarters, 1916 Race St., 
Philadelphia 3, Pa. : 
* Presented at the Fifty-third Annual Meeting 
of the Society, June 26-30, 1950. ; 
1 National Carbon Research Laboratories, 
Cleveland, Ohio. : 
Se pational Bureau of Standards, Washington, 
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ered two methods for possible develop- 
ment and comparison tests. One of 
these was to be a routine method, em- 
ploying a relatively simple apparatus 
and technique, so that an average labora- 
tory would experience no difficulty in 
carrying it out. The other, a more pre- 
cise method, was to be studied as a 
means of establishing basic values. 
This account deals with the develop- 
ment of the first of these methods. 

Since the testing of the freezing point 
method is not completed, the material 
presented in this paper is published as 
information only. The data obtained 
to date, however, show it to be quite 
reproducible and suitable for the deter- 
mination of the freezing point of engine 
antifreeze. Any changes which may be 
made after assembly of all the data and 
comments from participating labora- 
tories will undoubtedly be minor in 
nature. 


DIscussIoN 
Early in 1948, it was agreed that a 


cooperative test program would be car- 
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A test method has been developed for 
evaluating and recording the fogging 
properties of organic materials on a com- 
parative basis to determine whether 
they will be suitable for use at ambient 
temperatures of approximately 82 C. 
(180 F.). 

It is possible by means of this test 
procedure to select materials having low 
fogging characteristics for use in equip- 
ment where fogging is a problem. 
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By R. E. Mallonee’ and F. L. Howard’ 


ried out on three methods used by three 
of the committee members. Results 
from this test program were to be used 
in evaluating the methods. The bases 
of the methods were essentially similar: 
the sample contained in a cylindrical 
tube is stirred and gradually cooled by 
a refrigerant until crystallization takes 
place. The methods differ, however, in 
the interpretation of ‘freezing point,” 
manner of cooling, and temperature 
measurement. The salient features of 
each method are: 

Method A.—The sample is contained 
in a double-walled tube, and the rate of 
cooling depends on the degree of vacuum 
in the annular space. This can be va- 
ried by operation of a vacuum pump 
connected to this annular space. The 
sample is stirred by a reciprocating heli- 
cal stirrer. The sample tube is sup- 
ported in a cylindrical Dewar flask 
over liquid nitrogen. Vapors from the 
nitrogen bathe the sample tube and 
provide means of lowering the sample 
temperature. Temperature is measured 
by a copper-constantan thermocouple 
in the sample, connected to a Leeds & 
Northrup 8662 potentiometer. The 
freezing point is taken as the tempera- 
ture at which crystals are first visible. 

Method B—The sample is contained 
in a double-walled, partially evacuated 
tube, supported in a bath of alcohol or 
other liquid. Cooling is accomplished 
by adding dry ice to the bath. A re- 
ciprocating helical stirrer is used. Tem- 
perature is measured by means of a 
special thermometer graduated from 
—38 to +33 F. The “freezing point” 
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Driving Arm 


— Driving Rod 


-—— Reciprocating Rod 


Sleeve Bearing 
Holder for Bearing 


Sample Level 


Glass Wool Pad 


Fig. 1—Assembly of Freezing Point Apparatus. 


is the highest temperature attained 
after undercooling. 

Method C.—This laboratory had no 
routine method for freezing point de- 
terminations, but submitted a modifica- 
tion of its more precise method for de- 
termining the freezing points of hydro- 
carbons. In this modification, the 
sample tube, a large test tube, is located 
within an evacuated flask, supported 
in a bath of dry ice-carbon tetrachloride- 
chloroform mixture. A helical stirrer 
driven by a windshield wiper motor is 
used. Temperature is measured periodi- 
cally by a Weston dial thermometer, 
and a plot of time versus temperature is 
made. The freezing point is the tem- 
perature at which the cooling curve in- 
tersects the extrapolated freezing curve. 


Test Program 


Producer members agreed to furnish 
test samples to each of the cooperating 
laboratories, and a test program was 
circulated by Chairman Brooks. Labo- 
ratories participating in the program 
were: Enjay Co., Ford Motor Co., Kim- 
ble Glass Co., The Texas Company, U.S. 
Industrial Chemicals, Inc., National 
Carbon Division of Union Carbide and 
Carbon Corp., and the National Bureau 
of Standards. Samples of alcohol and 


44 (TP58) 


'+——— Windshield Wiper Motor 


Temperature Measuring Device 


Stoppered Hole for "Seeding" ('% in.) 
Z im Stopper with Holes as Shown 


Freezing Tube (200 ml. capacity, 
unsilvered, evacuated) 


Cooling Bath (2-qt. dewar) 


On lneus 4 Sint 
Lntbnellen beret 


glycol antifreezes were 
contributed by the Enjay 
Co. U. S. Industrial 
Chemicals, Inc., Carbide 
and Carbon Chemicals 
Division of Union Car- 
bide and Carbon Corp., 
National Carbon Divi- 
-sion of Union Carbide 
and Carbon Corp., and 
E. I. du Pont de 
Nemours and Co. The 
test program required 
measurements of freez- 
ing points on 30, 50, 
and 60 per cent solu- 
tions of ethylene glycol, 
propylene glycol, three 
commercial glycol anti- 
freezes, and five com- 
mercial alcohol anti- 
freezes. 

Shortly after the 
test program was in- 
itiated, one of the labo- 
ratories pointed out that 
no specific recommenda- 
tions had been provided 
for mixing the antifreeze 
and water, and that con- 
siderable error could be 
introduced if the solu- 
tions were not com- 
pounded by a uniform 
procedure. Accordingly 
a mixing procedure was 
adopted and circulated 
to the various participants. In this form- 
ula, the concentration of an antifreeze 
in aqueous solution is expressed as the 
ratio of the initial volume of the anti- 
freeze to the final volume of antifreeze 
and water, both initial and final volumes 
being measured at 20 C. (68 F.). 

By early Fall of 1948, the test results 
were reported to Chairman Brooks, who 
analyzed the data. It was found that 
many laboratories had departed from 
the suggested procedure. One com- 
pany, for example, ran the test by their 
own method, which was not one of the 
three selected for evaluation. Another 
failed to follow the mixing directions 
provided. After the results of one 
laboratory had been reported, it was 
found that the thermometer used was 
in error by about 2 F. Several minor 
changes were made in the procedures, 
particularly regarding temperature 
measurement, cooling baths, and stir- 
ring. For instance, one laboratory liked 
the windshield wiper motor stirring ar- 

rangement so well that they used it on 
all tests. The same laboratory used 
copper-constantan thermocouples and 
Leeds & Northrup 8662 potentiometer 
for all tests because the Weston ther- 
mometer (Method C) was found to be 
unsuitable, and the special thermometer 
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for Method B was not received in time, 
to take measurements. After a few pres 
liminary runs in this laboratory, it was, 
found that dry ice was not an effective 
refrigerant for the higher concentrations) 
of antifreeze, so liquid nitrogen was useds 
in all the tests. 1 | 

The observations and criticisms of the) 
individual laboratories brought out the! 
following points regarding each method ¢) 

Method A.—Most of the observer) 
reported difficulty in seeing the first) 
crystals form, particularly in cloudy ex 
opaque antifreeze solutions. Since thd) 
sample tube is not kept evacuated)() 
moisture from the air caused frosting! 
of the inner surfaces. It was suggestecs 
that a drying tube be used on the outlet: 
of this tube. Although liquid nitrogers) 
is not generally available, this methoay) 
was found to be the fastest. | 

Method B.—The specified thermom.y 
eter was not suitable for measuring) 
the lowest temperatures encountered|@ 
Dry ice was not effective in cooling thd 
high concentration antifreezes. Many 
of the samples did not undercool. . 


Method C—Of the three methods|; 
Method C was found to be the slowest;) 
Several participants experienced dif-/ 
ficulty in obtaining ‘clean breaks” be-( 
tween the cooling and freezing curves# 
particularly with the higher glycol con) 
centrations. | 


The standard deviations were calcu, 
lated for all the data, and it was foung 
that the precision of all three methods 
deteriorates at low temperatures! 
Method C data showed the largest devia.) 
tions. Brooks therefore recommendea 
that no further tests be made on thiil 
method without modifications. Methou 
A was found to be the most reproduciblet} 


Based on this statistical analysis anc) 
recommendations of the participating) 
laboratories, a draft of a method foi 
freezing point determinations incorpow 
rating the best features of the threw 
methods studied was circulated to th¢ 
committee. At a meeting of Subcom: 
mittee I held in February, 1949, thi 
draft was considered by the beaded 


es 


and referred to a study group headec 

by B. E. Tiffany of Ford Motor Co. witli? 
. B. Snyder of Kimble Glass Co. an@ 

R. E. Streets of the National ee 
of Standards. The discussions had indil! 
cated the desirability of a simple} 
method, using standard and _ readils 
available items wherever possible. Afte/’ 
careful study, a tentative method wai 
written which was approved by thé) 
committee members and recommende@)’ 
for test. The essential features of th 

method, described in more detail in tht!’ 
Appendix, are: | 


(1) The freezing point is defined alt) 
the temperature at which crystallization, 
begins in the absence of undercooling, oj! 
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Temperature, deg. Fabhr. 


Time, min. 


© ig. 2.—Time-Temperature Cooling Curves for Determining the Freezing Point of an 
Engine Antifreeze. 


| 
ih 
he maximum temperature reached im- half hour before being transferred for 
‘mediately after initial crystal formation shipment in glass containers. The freez- 
/n the case of undercooling. The ing points of the solutions were unknown 
“method involves the determination of to the cooperating laboratories, and re- 
+ the horizontal flattened portion of the sults were to be obtained from all labora- 
isfreezing curve. tories before release. It was decided 
(| () The freezing apparatus, as shown that each laboratory was to run freez- 
‘assembled in Fig. 1, consists of an ing points by the approved method as 
) evacuated Dewar flask for cooling bath, well as by the method using the tube 
‘4 200-ml. evacuated Dewar flask for with the seeding tip. Since each labora- 
the freezing tube, a stirring mechanism, tory was working on the same solutions 
»Buitable clamps and holders for the and errors involved in mixing were 
parts, and temperature-measuring eliminated, it was felt that the results 


/ equipment. would give a good indication of the 
(3) A 75 to 100-ml. sample is placed method’s reproducibility. 
‘fin the sample tube and allowed to cool Results as shown in Table I of data 


with stirring. The time-temperature available by May 22, 1950, show good 
) curve at the freezing point is plotted on reproducibility and indicate the pro- 
rectangular-coordinate paper and the cedure using the sample tube with the 
‘dreezing point determined as shown in seeding tip to be comparable to that 


Fig. 2. Where the curve shows a defin- using the evacuated tube and manual 
Nite flat or plateau during freezing, the seeding of the solutions at the freezing 
wareezing point is taken as the intersec- point. Since nine laboratories are in- 
ions of the cooling curve and the freez- volved in these tests, it is planned to ob- 
ing curve. If undercooling is present, tain results from at least two more be- 
) ithe freezing point is the maximum tem- fore making the final analysis and recom- 
‘perature reached immediately after mendations. 
sundercooling. Although these data were not dis- 
+ A modification of the sample tube to cussed at the February, 1950, meeting, 
ul include a seeding tip, as shown in Fig. several criticisms of the method and 
i 3, had been suggested by the du Pont suggested improvements were offered. 
“laboratory and some data on freezing _—It was universally agreed that the fully 


“point determinations using the tube were evacuated tubes unduly extended the 
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Fig. 3.—Freezing Point Tube with 
Seeding Tip. 


This tube may be purchased from either Labglass, 
Millville, N. J., or Corning Glass Works, 
Corning, N. Y. 


time required for the determination, 
particularly for the lower freezing points. 
One of the laboratories had obtained 
poorly evacuated seeding-tip tubes 
which gave good results with a much 
faster cooling rate. They had also 
worked with completely unevacuated 
tubes with satisfactory results, the cool- 
ing rate with the presently selected tube 
dimensions being about right for the 
range of freezing points studied. It 
was suggested that those laboratories 
who had not as yet obtained seeding-tip 


‘{submitted by them to show its value in 
| eliminating undercooling. The com- TABLE I.—COOPERATIVE TEST RESULTS ON ANTIFREEZE SOLUTIONS. 
‘mittee members felt that the tube was Laboratory A | Laboratory Laboratory © _ [Laboratory 
jundoubtedly an improvement but that a ate a MM et ois nsetoe Oanne NaS 
bls : ‘ d n er i 
it should be submitted to cooperative RAEN ore Nook oes, No 2. lee, fs oe 
u tests before being accepted. A. short deg. Fahr.| deg. Fahr.| deg. Fahr.| deg. Fahr. deg. Fahr |deg.. Fahr. 

‘test program to verify the reproducibil- Be ak ren oe Boao rse 

iE rmination and the desir- — 

pay a hg sae . C-5-2 No. 1........ 7-2 6.0 6.5 6.4 ce 6.6 
‘ability of adopting the seeding tube was ine eee 0 hoya vi = 44.0 = 44.6 = 43.6 = 
| : : 7 i ¥ 5x = aie a Mi Sie Bee ii 
"proposed using two aqueous solutions Ge Neo 361 = 36.5 =2 =374 87 —35.9 —36.7 
feach of ethylene glycol, a commercial CIE Iie Deoeareae 9.1 8.6 “8.5 9.0 9.3 8.9 
| ; . Custos, cM. S 55i7 G—b6i4 1 | aS SS eeee en 55.0 = 50. 2mcen bos 
| two-phase ethylene glycol antifreeze, : ‘dls 

and a commercial methanol antifreeze. SamvpLe Tuse wits Senpine Trp 

These solutions covered a range of freez- om a8 oe a aa Ae 
i 6 ZB=20INIO. Wamicice.s« A 5.8 eis oe aye ara 
jing points from about 10 F. to about G-5-2 No. 2........ = 43.2 = 44.2 —4: = 44.2 = 43.8 ~44.1 = 43.9 

= bd a, IN:IOs Liediscwe ae ae . a . . . A 5 

| —55 F. and were made up and distri- CacOIN lO add 34°68 mie a = 37:8 -37.1 = 36:4 = 38:5 
i buted by the National Carbon Research = GIT NGa0) -ato | | S58 6 ihmebbeo) y— 08 8m ls 55.6 
| Laboratories. Each solution was made 
| up as a single batch and stirred for one @ Committee D-15 code designations are used for antifreeze materials. 
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tubes for the work try unevacuated 
tubes and include their observations 
along with a typical cooling curve. 
Another suggestion offered was that two 
tubes could be used, an evacuated one 
for the freezing points from 32 F. to 
some temperature such as 0 F. and an 
unevacuated tube for the lower freezing 
pvints. The final decision on this point 
was deferred until all the data are ob- 
tained. Rate of stirring was also ques- 
tioned, 60 to 80 strokes per min. being 


Prorosep Mrrnuop or TEst 


Scope: 


1. This method of test is intended for 
determining the freezing points of aque- 
ous engine antifreeze solutions in the 
laboratory. 


Definition: 


2. The freezing point is defined as the 
temperature at which crystallization be- 
gins in the absence of undercooling, or the 
maximum temperature reached immedi- 
ately after initial crystal formation in the 
case of undercooling. 


Outline of Method: 


3. This method involves the determina- 
tion of the time-temperature curve prior 
to freezing and the determination of the 
horizontal or flattened portion of the 
freezing curve. The freezing point is 
taken as the intersection of projections of 
the cooling curve and the freezing curve 

Tf the solution undercools, the freeeing 
point is the maximum temperature reached 
after undercooling. 


Apparatus: 


4. The freezing point apparatus, shown 
in Fig. 1, consists of a Dewar flask for the 
cooling bath, a smaller Dewar flask for 
the freezing tube, a stirring mechanism, 
suitable clamps and holders for the parts, 
and temperature measuring equipment. 

(a) Cooling bath, in which the refriger- 
ant is contained, is a standard 2-qt. Dewar 
flask. The flask may be silvered or un- 
silvered, and is supported in a close-fitting 
container. A pad of glass wool is placed 
in the bottom of the flask to protect it 
from damage by the tip of the freezing 
tube. 

(b) Freezing tube consists of a 200-ml. 
evacuated, unsilvered Dewar flask. The 
tube is closed by a cork having a central 
hole for the thermometer or thermocouple, 
a second hole placed to one side for passage 
of the stirring rod, and a third hole for 
introducing the wire for seeding at the ap- 
propriate time. 

(c) Stirring mechanism consists of a 
five-coil stirrer formed of stainless steel 
wire yg in. in diameter. The coils are so 


%A Dewar flask (Corning Catalo 
L z No. 4540 
Ce nee ne sed has been evacuated 
enco Hy-Vae i 
sealed, is satisfactory. feet uber A 
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considered more satisfactory than the 
specified 125 to 150 strokes. Another 
observation was that the seeding tube 
was not a cure-all and that undercooling 
would still be a factor in the more con- 
centrated solutions. It was hoped that 
the tube with the seeding tip would 
eliminate any necessity for manual 
seeding, but in view of this observation 
it was thought desirable to retain a 
specification on seeding for those cases 
where it is found necessary. 


APPENDIX 
ror Freezinc Points or Aqueous ENGINE 


spaced that, in the extreme upward posi- 
tion during operation, no coils are exposed 
above the surface of the sample. The 
stirrer is agitated by means of an ordinary 
windshield wiper motor operating through 
suitable linkages so as to provide linear 
motion of the stirrer. The length of the 
stroke is adjusted so that the coil just 
clears the bottom of the freezing point 
tube at the low point of the stroke. 

(d) Temperature Measurement.—A re- 
sistance thermometer or a multijunction 
copper-constantan thermocouple may by 
used with suitable measuring instruments, 
providing these give an over-all sensitivity 
of 0.2 F. (0.1 C). The instrument should 
be calibrated before each series of deter- 
minations by using suitable reference 
standards. 


Note 1.—Liquid-in-glass thermome- 
ters may be used when less accuracy is 
acceptable, provided reference standards 
are used for calibration purposes. 


Refrigerant: 


5. Refrigerant, solid carbon dioxide in 
alcohol or other suitable bath liquid. 


Nore 2.—A layer of dry ice at least 
0.5 in. in thickness must be maintained 
in the bottom or on the top of the cool- 
ing bath during a determination, depend- 
ing on the bath liquid used. Adequate 
precautions should be taken against fire 
hazards or toxic effects of bath liquids, 
or both. 

Nors 3.—When the freezing point of 
the antifreeze solution is —50 F. or be- 
low, liquid nitrogen should be used. 


Procedure: 


6. (a) Assemble the apparatus as 
shown in Fig. 1 with no refrigerant and no 
sample of antifreeze yet in place. Check 
the operation of the stirring mechanism 
alter assembly to be sure that all parts 
operate freely. 

(b) Fill the Dewar flask surrounding 
the freezing tube with the refrigerant 
liquid, adding pieces of solid carbon di- 
oxide from time to time to maintain the 
conditions mentioned in Note 2. Tempo- 
rarily remove the stopper from the freezing 


tube and introduce 75 to 100 mil. of the 
sample. 


Nore 4.—The sample is to be pre- 
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It is expected that the freezing point) 
method will be adopted essentially asp 
given in the Appendix with minor 
changes such as specification of they 
sample tube with the seeding tip and the} 
extent of evacuation of the tube. Fro 
the data available at the time of writing,¢ 
it will be seen that the test program is 
confirming the reproducibility of the 
method and indicates a favorable com 
parison between the sample tubes. 


ANTIFREEZE SOLUTIONS 


pared as directed in the Proposed 
Method of Sampling Engine Anti 
freezes. The secondary phases needs 
not be separated. | 


Norse 5.—The sample may be pre-« 
cooled to approximately 15 F. above the: 
expected freezing point before introduc.( 
ing it into the freezing tube. 


(c) Start the stirrer and adjust it tat 
operate at 60 to 80 strokes per minute Ht 
As soon as stirring is begun, observe ana) 
record the temperature of the sample a‘ 
regular intervals of time (Note 6). As the 
expected freezing point is approached, thei 
time intervals should be quite short, 1!) 
sec. if possible. At the expected freezing|: 
point, seeding should be started to preven ii 
undercooling. This can be accomplishec# 
by introducing a wire which has a small: 
piece of ice frozen on its tip or simply byl! 
dropping a small piece of ice directly intel) 
the solution. In either case, the ice shoule 
be cooled considerably under the freezinyy 
point of water to keep it as dry as possibl.” 
to avoid diluting the solution. \ 


Nore 6.—Cooling rate must be les#) 
than 2 F. per min. If the rate is greates) 
when using regular refrigerant liquid, th,” 
Dewar flask is probably defective. 

(d) Continue the temperature read. 
ings at regular intervals for at least 10 mini} 
after the apparent freezing point. 4) 


Report: 


7. Plot the observed temperaturt 
against time on rectangular coordinati), 
paper. Where the curve shows a deli 
flat or plateau during freezing, the freegin 
point is taken as the intersection of prav) 
jections of the cooling curve and the freex! 
ing curve. See Fig. 2. If the solutiow: 
undercools, the freezing point is the max! 
mum temperature reached immediatel-)! 
after undercooling. 


| 
Norr 7.—The amount of undercoo} 4 
ing should be held to a minimum. III 
the undercooling exceeds 2 F., the tet” 
should be rejected. 
Precision: 


Note 8.—The precision of the free: 
ing point determination will be deteli!: 
mined on completion of the cooperativ 
test program. 


Dias method is in preparation by Committ 
| 
February 195! 


of Johns Hopkins University. 


ing the outer cylinder. 
parent density. 


specified time. 


SYNOPSIS 


This paper reports work on development of apparatus and technique for 
measuring thermal conductivity of powdered material. 
ation of the test cell was done in the mechanical engineering laboratories 


Design and oper- 


Dry, powdered material was placed in the annular space between two con- 
centric cylinders. The flow of heat was radially outward, and the quantity 
of heat was measured by the temperature rise of the cooling water surround- 
Guard rings were used to minimize end effects. 
The powdered material was examined for dryness, particle size, and ap- 
I The powder was compacted in the test annulus by impress- 
ing a vibration of known amplitude and frequency upon the test cell for a 


Tests were made with samples of powdered zinc, carbonyl iron, copper- 
copper oxide eutectic, and calcium carbonate. 
each type of powder to establish the reproducibility of the method. 


Four runs were made with 


= importance of the 


‘jthermal properties of materials is at- 
#tested in the voluminous literature on 
that subject; however, the preponder- 
Hance of the information available is 
“i concerned with substances in the solid, 
‘{ liquid, or gaseous states. 
widespread use of powdered materials 


The present 


in industry has caused a demand for 


) data on the thermal properties of pow- 


ders. This is especially true in the 


2 plastics and food industries. 


In this paper, the design and opera- 


‘tion of a steady state apparatus for 


determining the thermal conductivity 
of powdered material is reported. The 


‘principal variables in the study were 


' tention of the author. 


* considered to be: 


1. temperature level, 

2. chemical homogeneity of the 
powder, 

3. mechanical homogeneity or par- 
ticle size, 

4. apparent density related to the 
packing tendency of the mate- 
rial, 

5. chemical and physical stability of 
the powder at test temperatures, 
and 

6. moisture content of the powder 
sample. 


The test method consisted of heat- 
flow and temperature measurements on 
powder samples which had been com- 


NOTE.—DISCUSSION OF THIS PAPER IS 
INVITED, either for publication or for the at- 
Address all communica- 
tions to ASTM Headquarters, 1916 Race 
St., Philadelphia 3, Pa. 

1 Research Engineer, C. M. Kemp Manufactur- 
ing Co., and Instructor in Mechanical Hngineer- 
ing, McCoy College, Johns Hopkins University, 
Baltimore, Md. : ; : 

2 Professor of Mechanical Engineering, Uni- 
versity of Illinois, Urbana, 
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pacted in the annular space between 
two concentric cylinders. Uniformity 
of the source temperature was achieved 
by using condensing steam at atmos- 
pheric pressure. Guard rings were used 
at each end of the test section to mini- 
mize longitudinal heat flow. 


THEORY 


The principal quantities used in this 
paper have the following definitions and 
units: 


A area measured at right angles to 
the direction of heat flow, 
square feet. Am is the loga- 
rithmic mean area, 

enthalpy, Btu. per lb., 

thermal conductivity, Btu.-ft. 
per hr. per sq. ft. per deg. Fahr. 
Km is the mean thermal con- 
ductivity, 

= length, effective, of test section, 
this (UG (OSA atin) 

heat flux, Btu. per hr., corrected, 

radial distance, ft. 7: and r2 are 
the thermocouple radii (m = 
0.625 in., re = 1.250 in.), 

temperature, deg. Fahr, and 
water flow rate, g. per min. 


> 
Nl 


PO oN 
Flag 


t 
w 
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Under steady state conditions the 
radial flow of heat by conduction be- 
tween concentric cylinders may be rep- 
resented by the fundamental Fourier 
equation: 


where: 
Ao — Ay 
2.3 log (A2/A1) 
ae 2rL(r2 Cay 11) 
> 2.3 log (re/r:) 


the heat flow equation may then be ex- 


An = 
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\pparatus and Technique for Measuring Thermal Conductiv- 
ity of Powdered Material 


By W. Z. Girton’ and J. H. Potter’ 


pressed as: 


iA Km2rL At 
P.s3) Noyes (Gay) 


Q 


where Af represents the actual radial 
temperature drop. 

Nukiyama (1, 2),* reporting on 
thermal conductivity tests made with 
cylinder-type cells, presented a modifi- 
cation of this equation in which end ef- 
fects were included. 

If the rate of heat flow is measured 
by the enthalpy rise of the cooling water: 


@ = OleVRW ls = 1) .oscco- (@)) 
Combining equations and solving for 
the thermal conductivity: 


Kn = [(2rL At /2.3 log (r2 / 11) ] 


For the particular dimensions used in the 
test apparatus: 


_ 0.0824w(he — hx) 
Gera == At 


APPARATUS 


A partially sectioned view of the ap- 
paratus is shown in Fig. 1. The heat 
source is the central tube marked (4). 
A fully submerged 300-watt electric 
heater (12) generated steam which was 
condensed in the long test section above 
it. A vent (2/) limited the steam pres- 
sure to latmos. To prevent steam from 
escaping from the unit, a double pipe 
condenser (1) was used. A drip return 
rod (6) projected downward from the 
double pipe condenser so that sub- 
cooled condensate could be returned to 
the heater without flowing over the 
walls of the test section. The copper 
test section was 6 in. long with an out- 
side diameter of 1 in. 

The powder under test was held be- 
tween the heater tube (4) and the sink 
jackets (8), (10), (8). It filled the space 
between the two transite plates (6), (6). 
The test thermocouples are shown in 
the powder at (23). There were six 
pairs of thermocouples; three pairs 
were located on each spider (9), 120 
deg. apart. 

Asbestos insulating tape was used on 
the boiler unit and on the reflux con- 
denser. A thermocouple attached to 
the outside of the boiler tube, under the 
insulation, showed that the tube temper- 
ature did not exceed the temperature of 


’ The boldface numbers in parentheses refer to 
list of references appended to this paper. 
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Fig. 1.—Apparatus for Measuring Thermal Conductivity of 


Powdered Materials. 


the boiling water, indicating that there 
was no longitudinal heat leakage into 
the test section. 

Aluminum foil was used between the 
transite cover plates and the heat sinks 
(19), and also on the extreme outer 
wall (19). A sheet of asbestos paper 
(18) held by clamp rings (17) completed 
the outer wall. 

The sink arrangement is shown in 
exploded view in Fig. 2. The central 
test cell (5), 2 in. long,4 was bounded 
by two transite spiders, flanked in turn 
by two guard rings each of which was 
13 in. long. Note that the water was 

‘ The “effective” length, L, used was the cell 


length plus one-half the thickness of each spider 
(L = 21/8 in.), : 
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Asbestos Paper, 1/is in. Thick 
Aluminum Radiation Shielding 
Asbestos Insulating Tape 


1 Condenser 

2 Sork Ring 

38 Cork Spacer 

4 Steam Tube 15 Heater Plug 
5 Drip Return Rod 16 Leveling Screws 
6 Transite Base and Top Disk 17 Clamp Rings 
7 Copper Bushing 3 18 

8 Water Jacket Guard Ring 19 

9 Locating Spider , 20 
10 Water Jacket Specimen Container 21 Vent : : 
11 Support Stand 22 Locating Pins 


on Opposite in 
(8) other Tube of 


@ Jacket 


Outlet _— 


OOO © 


© 


H,O Outlet 


H20 


1 Transite Base and Top Dish 4 Locating Spider 


2 Copper Bushing 
3 Water Jacketed Guard Ring 6 


Fig. 2.Exploded View of Sink Arrangement. 


supplied to the sink sections tangentially 
through copper tubes attached to the 
shells. The water temperature thermo- 
couples were inserted in these copper 
tubes, in opposition to the direction of 
water flow. 


One of the guard ring sections is shown 
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Outlet —~— 


— H5O Inlet 


—H 20 Inlet 


—-H,0 Inlet 


5 Water Jacketed Specimen Container} ~ 
Locating Pins 


in Fig. 3. All of the sink sections a 
made from pieces of 3-in. brass tubing)! 
ve in. thick. One piece of tubing way! 
turned externally so as to leave a nar\ 
row band at each end with a thicknes)} 
The main body was the 
turned so as to leave a wall of gy in. f 
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» Fig. 4.—Sink Element on Positioning Fixture Prior to Solder- 
ing Lugs to the Cylinder. 


a 4 


Fig. 3.—Sink Element for Guard Ring with Fixture for Positioning the Align- 
ment Lugs. 


second piece of tubing was turned inter- 
nally over the full length until only a 
¢gz-in. wall was left. The second tube 
was then slipped over the first and the 
edges were silver soldered. This left 
an annular space 3}, in. wide for the cir- 
culation of the coolant water. The 
copper tubes for the inlet and outlet 
water connections were then soldered 
in place. Just inside these tubes, small 
baffles were arranged so that coolant 
water could not short-circuit from inlet 
to outlet. 


Figure 3 shows the positioning fixture 
with a guard ring cooler element. At 
the bottom of the latter, small brass 
lugs have been placed. These lugs 
were soldered to the cooler when it was 
in place on the fixture. This made it 
possible to set the lugs 120 deg. apart, 
and to insure that succeeding cooler 
sections could be matched up. Figure 
4 shows the cooler on the fixture prior 
to soldering. Positioning lugs were at- 
tached top and bottom to the test sec- 
tion, but on only one end of each of the 
guard rings. After all of the soldering 
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work was completed, each cooler sec- 
tion was air tested for leaks, then tinned 
all over. The outside surfaces were 
then wrapped with asbestos tape. 

The thermocouple spiders were made 
from #-in. transite sheet. In Fig. 5 an 
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Fig. 5.—Thermocouple Spider on Drill Jig. 


Fig. 6.— Fixture for Aligning Thermocouples. 


unfinished spider is shown on a special 
drill jig. The latter served to locate the 
thermocouple holes with respect to the 
center of the heat source tube and also 
to locate the holes for the lug pins 
properly. Referring to Fig. 2, note 
that the center hole in the spider was 
reduced to three lands, 120 deg. apart, 
and that these lands were not located 
on the same radii as the spider legs. 
This was done in an effort to reduce the 
radial heat loss through the spider legs. 


Thermocouples: 


The test thermocouples were made 
from 0.032-in. (outside diameter) copper 
tubing, each unit being 7 in. long. At 
the base of the tube, a length of No. 
28-gage copper wire was gas welded. 
An enameled No. 28-gage constantan 
wire was threaded through the tube and 


silver soldered at the tip. All thermo- 
couples were calibrated against the 
boiling points of distilled water and c.p. 
benzene. A Leeds & Northrup portable 
precision potentiometer was used in 
both the calibrations and the tests. 
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Rough spider (right); spider arms filed thin and thermocouples in place (center); thermocouples being 


aligned with special fixture (left). 


Tn order to fix the radial positions of 
the thermocouples, a special device was 
used. This consisted of a brass cylinder 
and a steel segment as shown in Fig. 6. 
The thermocouples were set in the 
transite spiders so as to project 4 in. 
from the spider. They were then ce- 
mented in place. 

The procedure in aligning the thermo- 
couples is indicated in Fig. 7. The 
rough spider is shown at the right. In 
the center view, the spider legs have 
been reduced and the thermocouples 
located and cemented. In the left view, 
the whole assembly has been placed on 
a special alignment fixture, the center 
of which is a brass cylinder turned to 
the same diameter as the heater element. 
A steel segment having a curved base 
was held snugly against the brass cylin- 
der. Arms on the segment (Fig. 6) es- 
tablished the radial distances of each of 
the thermocouples from the center line 
of the brass cylinder, hence from the 
center line of the heater. In this man- 
ner, the thermocouples were located at 
radi of 0.625 and 1.250 in., respec- 
tively. 


Trst SPECIMENS 


Four samples of ¢.p. powdered ma- 
terials were used: copper - copper oxide 
eutectic, carbonyl iron, zinc, and cal- 
cium carbonate. Samples of each of 
these powders were photographed 
through a geological microscope with a 
calibrated grid pattern for purposes of 
comparison. These are shown in Figs. 
8 to li. It is interesting to note that 
the particles are of nearly spherical 
form for the three metallic powders. 
Some notion of particle size may be ob- 
tained from comparison with the grid 
dimensions. An estimate of particle 
size distribution was made from the 
photographs and is given in the Appen- 
dix. (See Table III). 


Fig. 7.Steps in Spider Assembly. 


Each of the powder samples was 


checked for moisture content by drying 
in an electric furnace until the sample \ 
showed no change in weight. An analy-» 
tical balance with a sensitivity of 0.1 | 


mg. was used. In order to assure that 


the sample had had maximum exposure ( 


to moisture, these tests were run after : 


the thermal conductivity tests. The 


dryness tests showed that the samples 


were essentially free from moisture. 


Meruop or TEST 


Prior to each test, the water jackets \j 
and thermocouples were thoroughly 9 
cleaned, and the thermocouples on the (( 
spiders were checked for straightness |§ 


and position. The sinks were then as- 


sembled and connected to the coolant |i 


water supply tank. The sinks and tub- 
ing were purged of air, and the water 


MA 


Fig. 9—Carbonyl Iren Powder (Width of Small Grid is 6.6 I). | 
| 
| 
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flow rates to the various sections were 
set. 

The difficulties encountered when 
testing powdered materials in a guarded 
hot plate apparatus have been men- 
tioned by Allcut (3). The ASTM has 
offered two methods for compacting 
powders,® but has not fully specified the 
manner in which the shaking or vibrat- 
ing of the apparatus is to be done. In 
lorder to establish uniformity in the 
coading of the test cell, the following pro- 
cedure was used: 

A container of powder was weighed. 
An electric vibrator attached to the 
apparatus was started as the pouring 
of the powder began. The vibrator had 
a frequency of 122 cycles per sec. and 
was capable of imposing an acceleration 
of 70 microinches per sec. per sec. on 
the empty test cell, 60 when loaded with 
1185 g., and 42 when loaded with 2562 
g. The powder container was weighed 
after the test cell had been filled, and 
the loss in weight of the powder con- 
tainer divided by the volume of the 
test cell was reported as the apparent 
density of that particular substance. 
The vibrator operated for 4 min. The 
value of this loading method may be 
judged by the fact that the greatest 
variation in apparent density in any 
run was less than 1 per cent. 

The top transite cover plate was then 
put in place and the radiation shielding 
located. The reflux condenser was con- 
nected and the heater was plugged in. 
All of the thermocouple connections had 
previously been made. 

A period of three or more hours was 
required before thermal equilibrium was 
established. Careful adjustment of 
the water flow to the guard rings was 
necessary to ensure that temperatures 
were equal at the line of contact between 
the central test cell and each guard ring. 
” § Method of Test for Thermal Conductivity 
of Materials by Means of the Guarded Hot 


Plate (C 177 — 45), 1949 Book of ASTM Stand- 
ards, Part 3, p. 304. 
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This precaution was necessary in order 
to prevent longitudinal heat leakage 
between the test cell and the guard rings. 

The heat flow through the powder 
was assumed to divide, at each end, 
between the test section and the guard 
ring. The effective length of powder, L, 
included two half thicknesses of the 


spiders. The coolant water leaving the 
test-cell sink was collected and weighed 
over a given time interval. The tem- 
perature rise of this water was meas- 
ured, and the heat flux was determined 
from the product of the weight of water 
per unit time and the enthalpy rise 
D (Hame2): 


REsULtTs AND Discussion 


The mechanism of heat transfer in 
this series of experiments consisted of a 
combination of conduction through the 
particles, convection in the gas pockets 
surrounding the particles, and radia- 
tion between adjacent particles. All of 
these modes of heat transfer have been 
combined in a single coefficient which 
has been designated the ‘apparent 
thermal conductivity.” 

An investigation of the probable 
radial heat loss along the legs of the 
thermocouple spiders indicated that 
while this was small, it was not negligi- 
ble. Due to the simple configuration 
of the spider and the fact that steady 
state conditions prevailed, the correction 
could be computed from the basic 


TABLE I.—EXPERIMENTAL RESULTS. 


Mean Apparent 

Apparent Temperature, Thermal Variation, 

Powdered Material Density deg. Fahr. Conductivity per cent 
a er 

. 19. 129" .0403 i 

Calcium carbomate............. 199 130.7 0.0391 2 Ow 
19.9 130.4 0.0402 + 0.9 

153)/2 136.9 0.252 — 4.9 

pbcsr seme: & ees ON. 152.5 135.7 0.238 —10.2 
ag Nias te Sin a a NS 153.9 136.1 0.290 + 9.4 

153.3 13623 0.279 + 5.3 

331.0 147.6 0.509 — 3.6 

Copper - copper oxide eutectic... eae oe puese as ie 
331.4 147.5 0.555 40 i, il 

{ 207.3 142.7 0.258 — 2.6 

. 207.7 142.2 0.252 — 4.9 
Carbouyllainone eee seen eee 207.9 143 4 0.281 eet 
207.5 142.2 0.268 ee dbpal 


@ Not included in average. 
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TABLE II.—COMPARISON OF AVERAGE TEMPERATURE DROPS. 


Average Temperature Drop; deg. Fahr. 


emt Spider Run 1 Run 2 Run 3 Run 4 
i ba U 60.63 61.06 60.80 57.33 
Calcium carbonate..........- Pp pee outs eae 60.02 
UNINC Sr ric fa ae elias, «areveverole n: <veiene st Upper 64.84 65.84 64.58 6 =o 
“ESO ela Lower 64.58 63 : 69 67 : 86 61 -89 
4 id ice U 76.51 : ; 
Copper copper oxide eutectic eee 73 “4 73 ls 73.40 74.53 
LON nono ee U 70.23 1235 ‘ : 
one ower 69.20 67.28 67.51 70.44 


Fourier equation. The value of Q in 
Eqs. 1 and 2 was corrected for this loss. 
In general, this loss amounted to less 
than 1 per cent of the heat flow through 
the powder, with a maximum correction 
of 2.19 per cent. 

Some test results are reported in 
Table I. The thermal conductivity is 
reported in Btu-ft. per hr. per sq. ft. 
per deg. Fahr. and the variations are 
shown based on the arithmetic average 
of four runs. 

In general the reproducibility of the 
results must be considered good. The 
greatest divergence from the mean value 
was found in the powdered zinc. Sub- 
sequent examination of this sample 
showed that there had been some “‘ce- 
menting”’ of the particles, and a photo- 
micrograph suggested the possibility 
that some sintering had taken place. 

In general, the reports of other inves- 
tigators working with porous or fibrous 
materials show thermal conductivity 
values varying in at least as wide a range 
as those given above. Norton (4), in- 
vestigating thermal conductivity of 
firebrick, showed that two of three 
samples agreed within less than 5 per 
cent, whereas the third differed by 
about 8 per cent at the upper mean tem- 
perature and by 15 per cent at the lower 
mean temperature. Subsequent work 
with an improved hot plate still showed 
variations of 3 to 4 per cent. However, 
Norton worked in high temperature 
ranges. 

Grundhofer (5), testing thermal in- 
sulating materials in a guarded hot plate 
apparatus, showed variations between 9 
and 15 per cent. 

From cork and lith board tests, A. A. 
Potter et al. (6) reported results which 
varied from the mean by about 4 per 
cent. 

Lander (7), using the same sample of 
mineral fiber in two carefully calibrated 
hot plates, reported a difference of 4.2 
per cent, or a deviation from the mean 
of 2.1 per cent. 

In all of the powders tested, the indi- 
vidual particles were approximately 
spherical in shape. However, in some 
cases there was a considerable range of 
particle sizes in a given test sample. 
The question arose as to whether the 
vibrating process had given rise to seg- 
regation of the particles and therefore 
to variation in the measured apparent 
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thermal conductivities between the up- 
per and lower spiders. A comparison of 
the average temperature drop through 
the powder is given in Table II. 

Table II shows rather close agreement 
between the average temperature drops 
on the upper and lower spiders, with 
neither being consistently greater. If 
there was a segregation of the particles 
according to size, the data do not indi- 
cate any consistent effect of such segre- 
gation on the apparent thermal conduc- 
tivities. 

CONCLUSIONS 


As was pointed out at the beginning 
of this paper, the purpose of this inves- 
tigation was to construct and test an 
apparatus for measuring the thermal 
conductivity of a powdered material. 
The data, then, are not necessarily im- 
portant beyond the indication they give 
as to the reproducibility of the results. 
It is probable that a calibrated electric 
heater wound in cylindrical form and 
equipped with suitable guard rings 
would constitute a more satisfactory 
heat source. This would have the ad- 
vantages of (a) controlling source tem- 
peratures in ranges not suitable for a 
condensing vapor source and (6) making 
it possible to determine the heat flow 
from electrical input. In general, it 
may be said that in this investigation: 


1. A satisfactory apparatus was de- 
veloped for measuring thermal conduc- 
tivity of powdered material, 

2. Both the loading and conductivity 


APPENDIX 


TABLE IIIl.—ESTIMATE OF DISTRIBUTION OF PARTICLE SIZE IN POWDER SAMPLES. } 


data are reproducible within reason- 


able limits, and ; 
3. The method is relatively simple, 
although limited to laboratory use. 
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7 by structural designers. 


! of their life. 


_ Direct Explosion Test to Evaluate Load- Carrying Capacity 
of Welded Steel Structures 


ach of load- 
J carrying characteristics of structures is 
sjusually based almost entirely on two 
jfactors: elastic stress analysis and 
yield strength of materials as deter- 


)imined by the standard tension test. 


» A vast amount of rigorous mathematical 


) {analysis has carried the theory of elas- 


1) ticity to the point where stress systems 
) can be readily calculated for a variety 
of structures and loads. The calcula- 
» tions are, of course, valid only within 
+ the elastic limit of the material so that 
+) the yield strength, rather than the ulti- 
) mate strength, limits in effect the work- 
/ ing stresses within the structure so 


/» designed. 


| Paradoxically enough, plastic duc- 
)) tility, even though it does not enter the 


1 stress calculations, has been considered 


an important and desirable property of 
structural materials, and materials with 
» high ductility have been usually favored 
However, the 
mechanism of translation of high duc- 
tility into improved structural per- 
formance is not clearly understood, and 
+ in practice the designer usually con- 
tents himself with regarding steel, to- 
)) gether with other structural materials, 
'+ as being entirely isotropic and possessing 


» essentially constant mechanical proper- 


) ties regardless of size and geometry. As 
a result, tension and compression tests 
-} of small laboratory-type specimens 

_ have been generally accepted as indica- 


~ tive of performance of material under 


actual service conditions. 

In recent years, service performance 
data of many types of structures have 
begun to draw attention to the fact 
that the assumed state of all elastic 
stress is only an approximation and 
that most structures undergo plastic 
deformation at certain critical points 
of stress concentration during some time 
Furthermore, consider- 
' able evidence is appearing pointing out 
that the maximum load-bearing capacity 
of a structure is a direct function of its 
ability to undergo plastic deformation 
at such points of stress concentration 
without fracture, and cannot be always 
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By G. S. Mikhalapov' 


predicted on the basis of tests utilizing 
uniformly stressed small-scale speci- 
mens. 

Failures of pressure vessels, ships, 
earth-moving machinery, and many 
other structures can be attributed in 
many cases to poor ductility of struc- 
tural materials under certain conditions 
of stress. Furthermore, it appears that 
the conventional ductility of materials 
as determined by percentage elongation 
of a standard 0.505-in. tension test 
specimen is not necessarily indicative of 
the measure of ductility exhibited by the 
material when fabricated into a rigid 
structure (1)?. 

A need has therefore arisen to find a 
way of predicting the relative load- 
carrying performance of structural ma- 
terials without recourse to actual de- 
structive testing of full-scale prototypes. 

The development of the direct ex- 
plosion test has been undertaken as a 
partial answer to such a need, at least 
in so far as welded steel structures are 
concerned (7). 


History 


The inadequacy of existing mechan- 
ical testing methods in _ predicting 
service performance of steel structures 
was first recognized in the case of struc- 
tures subjected to shock loading wherein 
the need of compromise between per- 
formance and weight dictates accept- 
ance of permanent deformation in 
cases of severe loads. Armored military 
vehicles and naval vessels offer one 
example of this type of structure, and 
the development of a direct explosion 
test was first undertaken in an attempt 
to evaluate the performance of welded 
alloy steels under ballistic shock. 

In general, ballistic bombardment 
produces two types of loading: one, a 
direct hit of an armor-piercing pro- 
jectile, usually resulting in either de- 
struction of the projectile or in penetra- 
tion of the member hit; and two, a 
glancing blow of a solid projectile, or a 
direct hit of a high-explosive shell, 
producing a more generally distributed 
stress system. It has been demon- 
strated that resistance to projectile 
penetration is a direct function of the 
hardness of the plate, while the resist- 
ance of steel and steel structures to the 
second, less-concentrated type of shock 


2 The boldface numbers in parentheses refer 
to the list of references appended to this paper. 
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loading cannot be readily predicted on 
the basis of the conventional mechanical 
test, with the possible exception of the 
V-notch bar impact test. The latter 
appears to correlate to some extent 
with actual service performance of 
homogeneous plates, but its acceptance 
for this purpose has not become general 
as yet even for prime plate, while it is 
conceded that it is not adapted for 
evaluation of performance of joints. 

Accordingly, resistance to shock of 
steel plate and weldments has been 
generally determined by actually sub- 
jecting full-scale sections of prime plate 
and of typical joints to ballistic bom- 
bardment. This method of testing, be- 
sides being extremely costly and requir- 
ing large quantities of material, has a 
number of limitations of range, ac- 
curacy, and reproducibility; and the 
development of the direct explosion 
test was undertaken in an attempt to 
overcome these limitations while still 
employing essentially the same method 
of loading. In that respect the develop- 
ment was entirely successful, the per- 
formance of steel plate and weldments 
under the test correlating very closely 
with their performance under the ballis- 
tics test. 

In the meantime, failures of ships 
and of pressure vessels at load levels 
well within the design limit have em- 
phasized the inadequacy of the conven- 
tional mechanical test in predicting 
performance of steel plate even in struc- 
tures subjected to conventional static or 
dynamic loading. Extensive research 
indicated that the apparent cause of 
these failures was the inability of the 
steel plate to undergo plastic deforma- 
tion at points of high stress concentra- 
tion, occurring whenever imperfect 
design or workmanship produced an 
abrupt change in geometry of a load- 
carrying member. Further  experi- 
mental work suggested that this in- 
ability to undergo plastic deformation 
with resultant brittle fracture is caused 
by low ductility exhibited by certain 
materials in the presence of biaxial 
tensile stress in the plane normal to the 
direction of the main tensile stress. 
Such second and third dimensional 
stresses are not necessarily the result of 
external forces but will usually develop 
at any point or line of severe strain 
gradient. A classical example of this 
type of three-dimensional stress is the 
stress system at the root of any sharp 
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notch, and because of this the entire 
phenomenon of low ductility in the 
presence of two stresses normal to the 
major stress is frequently termed notch 
sensitivity. This phenomenon appears 
to be a function of the internal structure 
of materials, and of their temperature, 
and is but one aspect of the mechanism 
of plastic flow and of fracture of metals 
(5). 

bs practice, notch sensitivity mani- 
fests itself in two ways: first, notch- 
sensitive metals will fracture in a brittle 
manner at the root of the notch or under 
a state of triaxial tensile stress; second, 
the fracture, after originating as a crack 
at a point of triaxial tensile stress, will 
produce its own state of triaxiality and 
will propagate in a brittle manner, 
with virtually no energy input, indefi- 
nitely until the metallic continuity of the 
fracturing member ends. Conversely, 
notch-insensitive or notch-tough metals 
will sustain large plastic deformation 
at the root of the notch prior to frac- 
ture, and, after fracture originates, its 
propagation will require large quantities 
of additional energy since it will be con- 
tinually preceded by a large amount of 
plastic strain. 

Since the conventional tension test is 
of little use in evaluating notch sen- 
sitivity, a number of different types of 
specimens have been devised and tested 
in the recent years in an attempt to 
study and understand the influence of 
notch sensitivity on load-carrying ca- 
pacity of structures. 

In general, these tests have corre- 
lated reasonably well with each other 
and with destructive tests of full-scale 
sections of actual structures such as 
decks of ships. However, one difficulty 
with such tests has been that they de- 
pend on a geometrical stress raiser to 
produce the desired stress and, conse- 
quently, are capable of testing only the 
notch sensitivity of homogeneous ma- 
terials, whereas virtually all fractures in 
service originate at or in close proximity 
to welded joints which are composed of a 
variety of different metallurgical struc- 
tures. 

Since fractures, after originating at a 
weld, usually propagate through 
material unaffected by welding, the 
notch tests do evaluate the fracture 
propagating property of materials and 
thus predict the extent of failure that 
can be expected in a structure once 
initial fracture has taken place. Unless, 
however, an assumption is made that 
notch sensitivity of a welded joint is the 
same as that of the prime plate, evalua- 
tion of the maximum load-carrying 
capacity of a structure prior to initia- 
tion of a fracture is hardly justified on 
the basis of the notch tests alone. Un- 
fortunately, to date, ample evidence 
exists to refute such an assumption. 
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There exists then a need for a test 
which would evaluate notch sensitivity 
of materials without the use of notches 
or other geometrical stress raisers which 
in effect produce the desired state of 
triaxial tensile stress in a very small 
portion of the specimen and thus limit 
its use to homogeneous material. 

As previously mentioned, V-notch 
bar impact test data appeared to cor- 
relate reasonably well with both the 
ballistic and direct explosion test data in 
determining shock resistance of alloy 
steels. It seemed to be reasonable to 
suppose that equal correlation between 
direct explosion test and various notch- 
sensitivity tests could be expected. 
Accordingly, an extensive investigation 
was undertaken under the sponsorship 
of the Bureau of Ships, of the Depart- 
ment of the Navy, to determine ap- 
plicability of the direct explosion test to 
evaluation of load-carrying capacity of 
structures. 

The results indicate that, after proper 
modification, the test appears to evalu- 
ate notch sensitivity of structural steel 
plate satisfactorily and to correlate 
closely with other notch-sensitivity 
tests. In addition, it can be applied to 
testing of welded and other types of 
joints, thus permitting for the first time 
a direct comparison between perform- 
ance of homogeneous and fabricated 
sections under triaxial tensile stress. 

At the present moment, work is 
continumg on applying the test to 
various types of joints in an attempt to 
determine their relative performance. 


DESCRIPTION 


The direct explosion test consists 
essentially in applying a high velocity 
blow normal to, and at the center of, a 
flat, square plate supported along its 
four edges. Such a blow, or impact, 
will produce first a compressive elastic 
stress in the area over which it is ap- 
plied, which will travel with the speed 
of sound to the back of the plate, from 
which it will be reflected as tensile 
stress and travel toward the front of the 
plate. The compressive stress is made 
possible by the resistance of the plate to 
the force of the blow, caused partly by 
the inertia of the plate and partly by 
the reaction of the supports at the edges 
of the plate. This reactive force is 


_ transmitted by progressive shear from 


the point of impact to the supporting 
edges and results in a bending moment 
which, in turn, produces a state of 
biaxial tension in the back of the plate 
normal to the compressive-tensile 
stresses produced by the original blow. 
If the length, width, and thickness of 
the plate are considered as its X me L, 
coordinates, respectively, the stress 
system can be envisaged as alternate 
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compression and tension along the Z~ 
axis, and biaxial bending along X, Y axes | 
with the neutral axis initially somewhere . 
near the middle of the thickness of the . 
plate. 

The magnitude of all stresses will be a 
function of time; however, the Z axis 
stress will occur virtually instantane- 
ously, while the bending stresses along — 
X and Y axes will increase at some } 
finite rate which will be a direct | 
function of the acceleration of the im 
pacted area. 

Theoretical analysis of the Z stress j 
during the initial period before the XY "| 
stress has exceeded the yield strength, |) 
or before plastic deformation in XY 7 
plane, or dishing of the plate takes place, 
is possible and has been attempted by 7) 
E. Saibel (2). He postulates that the » 
elastic compression-tension wave is § 
followed by a plastic compression wave 
traveling at a lower rate of speed, in }] 
turn followed by a release wave which 1} 
occurs when the external force or pres- + 
sure of the original impact ceases. I 

The various stress waves interact in a {| 
complex manner and Saibel demon- 4 
strated that spalling or tensile fracture 3 
along Z axis occurs at certain combina- + 
tions of duration and magnitude of the 4] 
force of impact. In general, the higher 
the magnitude and the shorter the dura- + 
tion of the impacting force, the greater 1 
the tendency to spall. 

Analysis of the stress system during ¢ 
the second stage, or when general de- 
formation takes place, has not been! 
attempted so far because of the com- 
plexity of the system and lack of knowl 
edge of the factors applicable to such al! 
state. However, it will be readily seen ij 
that it will follow a certain general, 
pattern. Thus, the stress system in the ( 
plane of the plate will begin as simple « 
biaxial bending with the neutral axis!) 
somewhere near the middle of the thick-:/ 
ness of the plate. As plastic deforma-: 
tion takes place, the elastic shock wave! 
travels back and forth along the thick-:|7 
hess axis, as alternate compression andi 
tension. Thus, unless this shock wave‘! 
decays very rapidly, an increasingly)|) 
larger volume of the plate will bev: 
thrown periodically into triaxial ten- 
sion. Since the stresses in the plane of)|/) 
the plate are continually rising while the” 
stress along the thickness axis is de-|) 
creasing, the ratio of the three stresses is} 
continually changing. 

A question naturally arises as ta 
whether the third or thickness stress is” 


stress in the plane of the plate apr|> 
proaches the fracture stress to be off)! 
any significance. This question was ofi}|_ 
academic importance as long as they) 
high-velocity impact was considered fou)” 
evaluation of shock resistance only}. 


However, it becomes of paramount im4}/ 
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i 
portance in determining whether a high- 
ji a elocity blow could be considered as 
/producing a stress system equivalent to 
that of a notch. Considerable indirect 
/yvidence exists, as will be shown later, 
uo suggest strongly that the thickness 
es stress is a major factor in the fracture of 
ah plate under a high-velocity blow even 
“After a large amount of bulging or dish- 
ng has taken place. 

il High-velocity impact can be produced 
jim many ways. For many reasons, the 
~bnergy liberated as a result of a rapid 
‘ehemical reaction presents an excellent 
emmeans of producing such an impact. 
oift requires a minimum of apparatus, it 
| fean be readily applied at any desired 


‘liberation can be accurately controlled. 
whe simplest way to translate this en- 
Wergy into impact is to utilize the rapidly 
‘imoving front of a detonating wave 
Wtraveling through a column of ex- 
‘fplosive placed directly on the area to be 
#tested, but not confined in any other 
‘sway. This method, although it wastes 
a great deal of the energy liberated by 
$the explosion, has the advantage of 
Srequiring no apparatus, and, further- 
"more, assures that virtually the entire 
Tyenergy is delivered at the same velocity. 
By properly shaping the charge and con- 
‘trolling its detonating velocity, im- 
pacts of varying energy and power can 
‘be obtained. The fact that only a 
#) small fraction of total available energy is 
© used is of little consequence in test work, 
since the cost of the explosive is a 
» small fraction of the cost of the test. 

Unfortunately, complete lack of con- 
+ finement produces impacts of such short 
1 duration, or of such high power, that 
* failure tends to occur by spalling or by 
» fracture normal to the thickness direc- 
tion, and thus is not suited to develop- 
However, a 


partial confinement of the charge on all 
free sides by means of white silica sand 
proved sufficient to permit the ‘use of 
explosives of sufficiently low power to 
produce fractures with considerable 
dishing and without spalling. In addi- 
tion, the use of sand appeared to im- 
prove the reproducibility of the results, 
though this effect is less certain. 

The matter of the total energy de- 
livered by an explosive charge to the 
support on which it is resting was of 
considerable concern since, if the re- 
lationship was not linear, the relative 
degree of performance of different ma- 
terials would not be indicated by the 
size of the charges necessary to fracture 
them. Several attempts were made to 
measure the energy delivered by the 
charge by means of a ballistic pendulum, 
adapted for use with a sand-restrained 
charge. A ballistic pendulum, or mor- 
tar, is primarily intended for determin- 
ing the total energy content of a unit 
quantity of an explosive, and is usually 
designed to handle a 10-g. charge com- 
pletely enclosed by a chamber within 
the mortar and a projectile which is 
shot out of the mortar at the same time 
that the force of the explosion swings 
the mortar in the opposite direction. 
Since only the end thrust of the charge 
is utilized in the test, it was necessary 
to close off the chamber by means of a 
cover plate, to the outside surface of 
which was strapped the charge sur- 
rounded by the restraining cylinder of 
sand. Considerable difficulty was en- 
countered with plastic upset of the sup- 
porting plate, and to the lesser extent 
of the mortar itself, which occurred 
even with comparatively small charges 
and which, in effect, absorbed an un- 
known and probably appreciable part 
of the energy delivered to the mortar. 
As a result, a 2-in. diameter charge was 


the largest charge that could be used 
without wrecking the mortar. Ac- 
cordingly, the results are principally of 
interest in indicating the general rela- 
tionship between the size and mass of 
the charge and the end thrust delivered 
by it. Figure 1 shows a graph of this 
relationship for the 1.4 and 2-in. di- 
ameter charges with and without the 
sand restraint. 

It must be noted that the swing of the 
pendulum is not a linear function of the 
energy delivered to it since this energy 
is the product of the mass of the pen- 
dulum and the height to which it rises, 
or: 


E, = ML (1 — cos A) 


where L is the radius and A the angle of 
swing. Consequently, Fig. 1 is plotted 
in terms of height of rise or L(1-cos A) 
from which the energy measured by the 
pendulum can be derived by multiplying 
the height by the weight of the pendu- 
lum or 500 kg. 

Tt will be noted that the relationship 
between the mass of the explosive col- 
umn and the energy it delivers to the 
surface against which it detonates is 
essentially linear up to a certain critical 
mass, beyond which the effectiveness 
of additional mass of explosive decreases 
rapidly. The critical mass for a 2-in. 
diameter charge is more than double 
that of a 1.4-in. diameter charge, thus 
suggesting that for each charge diameter 
there exists a safe maximum height of 
column below which the relationship 
between mass or energy is very nearly 
linear. 

Since it was not possible to measure 
the end thrust of charges larger than 
2 in. in diameter, the maximum safe 
operating height is not definitely known 
for either 3 or 4-in. diameter charges. 
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Deformation, in. of depth of cup 16" diam. at rim 


Fig. 1.—Determination of the Impact Energy of the Direct Explosion Fig. 2.—Energy-Strain Diagram of Low Alloy and Mild Steel Plate 
1 in. Thick Under Direct Explosion Test. 
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Fig. 3.—Support Frame for the Direct Explosion Test Showing Concrete Base, 3-in. 


Thick Alloy Steel Plate and Four 4-in. High by 214-in. Wide Cold-Rolled Bars. 


However, an examination of Fig. 2, 
showing the depth of deformation or of 
the cup in 1-in. plate produced by the 
4-in. diameter charge as a function of 
the mass of the charge, reveals a 
straight-line relationship at the end of 
the graph up to the point of fracture. 
Since the depth of the cup gives the 
actual distance traveled as the result of 
the force of the explosion, this rela- 
tionship would indicate a virtually con- 
stant load up to the point of fracture, 
which is reasonable, as the maximum 
reduction in area attained does not ex- 
ceed 10 per cent and should be more than 
balanced by strain hardening. 

The size and geometry of the speci- 


Fig. 4.—Support Frame w 
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; ith Specimen Supporting the E 1 i 
Charge in Place. Part of the Cardboard Cylinder Fonte ake: Ex. 
plosive Powder Cut Away to Show Detonator. 


men presented a considerable problem. 
Although the test was always envisaged 
in terms of a full-scale model of an actual 
structural section, a question arose re- 
garding the optimum relationship be- 
tween the thickness, width, and length 
of the specimen. In the very begin- 
ning, the significance of the stress sys- 
tem produced by a high-velocity im- 
pact was not fully appreciated and it 
was believed that the difference in per- 
formance exhibited under ballistic test- 
ing and conventional tension testing 
was mainly due to the difference in the 
rates of strain. Accordingly, the first 
specimens were made in the shape of a 
simple beam 13 in. deep by 3 in. wide 


Fig. 5.—Support 
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Frame, Specimen, 


and 12 in. long. Once the velocity of 
detonation was reduced sufficiently to 
prevent spalling, these specimens be-: 
haved essentially in the same manner as) 
under conventional static loading and) 
failed to correlate with results of ballis-« 
tic or of notch impact testing. Speci-) 
mens 12, 18, and 24 in. square were then: 
tried with 4, 1, and 13-in. thick plate.¢ 
Some difference in performance wasi 
observed between the three sizes, but 
all appeared to correlate with ballistic 
results. The 18-in. square specimens) 
was finally chosen for 13 and 1-inw 
thick plate and 12 in. for the 3-in,t 
thick plate, primarily because welded»: 
joints require that length to develop), 
full residual stress (2,6). 

A variety of detonating velocities 
was tried between 5500 to 2500 meters 
per sec. in the form of 2, 3, and 4-in. dit) 
ameter columns. In general, velocities: 
above 5000 meters per sec. tended to causes 
fracture by spalling on most but th ) 
toughest of plate, regardless of the di 
ameter or height of the charge; while) 
explosives with detonating velocities 
below 3000 meters per sec. were of suffi-+j 


tough plate thicker than 4 in. (except) 
by spalling in case of high-velocityt7 
explosive). Accordingly, a detonating! 
velocity of 3250 meters per sec. was 
finally chosen and used in the form of 4-4 
in. diameter column on 1 and 13-in. thick 
plate, and 3 in. diameter on 4-in. thi 
plate. i 
It will be remembered that theo-+ 
retical analysis of the thickness or ae 
stress indicates it to be a function of the}! 


4 


== 


Uy i Explosive Charge and Sai! 
Containing Paper Cylinder in Place Ready to Roce Sand. | 
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(a) At Room Temperature. 


magnitude of the power of the impact 
and not of its energy; or, in case of the 
explosive charge, of the detonating veloc- 
ity and not of the volume of the charge. 
If increase in the third dimensional 
stress (in this case, 7 stress) results in 
reduction of ductility, it could be ex- 
pected that increase in the detonating 
velocity would result in the decrease in 
deformation prior to fracture, and hence 
in the net energy necessary to initiate a 
fracture. This is exactly what does 
happen, and actual test data obtained 
with different velocities show that both 
the maximum deformation prior to frac- 
ture and the energy to fracture decrease 
rapidly with increase of velocity. It 
will thus be seen that any variation in 
the detonating velocity can be expected 
to affect markedly the reproducibility 
of the test result. 

The scatter of results produced by 
the variation in the velocity of detona- 
tion is further increased by the incom- 
plete nature of the confinement of the 
explosion, which emphasizes the effect 
of the initial period of the explosion, 
since the restraint exercised by the 
loosely held sand around the charge is 
largely caused by its inertia and is thus 
relatively greater in the case of high- 
power explosive. 

In actual testing, no reasonable con- 
sistency of results was obtained until 
precautions were taken to control all 
factors which might even remotely af- 
fect the velocity of detonation. How- 
ever, once these factors were brought 
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(b) At Subzero Temperature. 
Fig. 8.—A Typical Brittle Fracture of l-in. Plate at an Energy Level Just Sufficient to Initiate a Fracture. 


under control, extremely consistent re- 
sults were obtained; for instance the 
fracture limit, that is the weight of 
charge just sufficient to initiate frac- 
ture, could be consistently determined 
within 10 g. of charge at charges varying 
from 500 to 700 g., or within 2 to 3 per 
cent. 

While the total gas volume of an ex- 
plosion, and therefore its total energy, 
is a direct function of its chemistry and 
can therefore be controlled with rela- 
tive ease, the rate of detonation is a 
function of many additional variables, 
such as the size and shape of the powder 
particle, the density to which the powder 
is packed, the uniformity of the relative 
distribution of the various constituents, 
etc., and is much more difficult to control 
accurately. This, together with the 
fact that the required velocity of detona- 
tion is below that of commercially avail- 
able explosives, has forced the use ot 
what is virtually a custom-made ex- 
plosive powder prepared under close 
laboratory control. 

In the beginning, the specimen was 
supported along two of its four edges. 
However, in the course of the efforts to 
improve the consistency of reproduction 
of results, it was discovered that op- 
timum results were obtained by sup- 
porting the specimen on all sides, which 
suggested a circular specimen as pro- 
viding the most uniform stress field. 
However, for reasons of economy, and 
the fact that stress distortion in the 
center of the comparatively large speci- 
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mens used is slight, square support” 
were finally chosen. They consisted of 
four cold-rolled steel rectangular bari 
4 in. high by 24 in. wide laid loosely 
together to form a 16-in. hollow squary) 
as shown on Fig. 3. A comparison of 
loosely placed bars, and bars welde«| 
into a solid frame, revealed no dit: 
ference in performance, and welding cf 
frames was consequently omitted. 
The inside corners of the supportins): 
bars undergo considerable plastic upses) 
as the result of the test, and for thi} 
reason a fresh bar edge is used for ever. 
test, at least until such time as the elk 
fects of this upset on the test are studiec 
The effect of the solidity of the base o 
which the support rests was next ex} 
plored. Little difference was found b 
tween solid concrete base and harc:l) 
packed earth resting on a reasonabl) i 
close foundation of bedrock, but t') 
eliminate every possible variable a €)) 
in. thick concrete base, 9 ft. square: 
covered by a 3-in. thick, 3-ft. squam’ 
alloy steel plate was chosen. | 
The final procedure of the test cui}! 
rently in use is as follows. |) 
A steel specimen of either prime cif 
welded plate is supported as describe i 
above. Next, an explosive charge cor}! 
sisting essentially of a mixture of TN7), 
sodium nitrate, ammonium nitrat/} 
and aluminum powder is packed to 
desired density in a 4-in. diameti 
cylindrical paperboard container, tlt 
bottom end of which is sealed with \t) 
thin paper sheet. Since the density + \ 


| 
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Minimum Energy to Fracture, g 


lin. Prime and 
Welded Plate 
A, C - Low Alloy Steel 
DO -Mild Steel 
w- Welded 


-80 -40 ie) 40 80 
Temperature, deg. Fahr. 


Fig. 11.—Energy-Temperature Diagram of Low Alloy and 
Mild Steel Plate 1 in. Thick in Welded Condition. Per- 
formance of Prime Plate Also Shown for Purpose of 

Comparison. 


any powder is known to change in time, 
and since velocity of detonation is 
sensitive to change in density, each 
charge is packed immediately prior to 
the test by a standardized procedure 
using a simple weight-dropping fixture. 
To assure uniform density, the charge is 
divided into 50-g. increments, and each 
increment is packed separately to the 
desired density, one on top of the other. 
The charge is then placed on the speci- 
men in its exact geometrical center, 
and a specially shaped detonator of 
primacord is placed directly on top of 
the explosive powder as shown on Fig. 4. 
The detonator is shaped in a manner to 
detonate the charge over its center top 
surface, thus starting a downward 
detonating wave with essentially flat 
front. A paper cylinder 8.5 in. in di- 
ameter and 12 in. high is then placed 
over the charge and filled with approxi- 
mately 40 lb. of 25 to 30-mesh white 
silica sand, as shown on Fig. 5. 

An average of five specimens is re- 
quired to determine the maximum de- 
formation and energy absorption prior 
to fracture as well as the minimum 
energy necessary to effect a complete 
fracture, that is, fracture extending 
through the entire thickness of. the 
specimen. In the case of materials 
failing in a brittle manner, the dif- 
ference between the two energy values 
is very small since once a fracture is 
initiated, very little energy is required 
for its propagation. Accordingly, the 
minimum energy to effect a fracture is, 
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in practically all cases, the energy neces 


sary to sever the plate into two or more 
pieces. In the cases of material failing 
in ductile manner, however, the energ 
required to propagate the fracture is 
relatively large and a 10 to 20 per cent; 


difference exists between the energy) 


necessary to produce a crack on the 
back of the plate approximately an in 


long and the energy necessary to prox 


duce a fracture ot the entire thickness 0) 


the plate and extending several inches 
in length. Accordingly, in the cases or 
ductile fractures, energy to effect ¢ 
fracture was arbitrarily selected as the 
energy necessary to produce 8 to 1( 
in. of fracture through the plate. 
Figures 6 to 9 illustrate the ductile 
and brittle types of fracture produce 


on 4 and 1-in. steel plate. 


APPLICATION OF THE TEST 


The original purpose of the direc 


explosion test was to replace the ballisti 


Fig. 12.—Typical Fracture of a Specimen of 1-in. Thick Welded Steel Plate Exhibitis i 
Relatively Good Ductility and High Energy Absorption. 
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| Fig. it Fractures of 1-in. Thick Welded Steel Plate Exhibiting Virtually No 
Ductility and Low Energy Absorption. 


test as means of evaluating shock resist- 
j ance of military structures. Actually, 
by the time the test development was 
| completed, development and production 
| of such structures had been drastically 
| curtailed and, as a result, comparatively 
little actual testing has been carried out 
fin this field. Such tests as have 

been conducted showed a very good 
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correlation between the two tests for 
alloy-steel plate in both prime and 
welded condition. 

By far the largest amount of test 
data secured to date was obtained in 
the course of several investigations of 
the notch sensitivity of structural steels 
for naval construction sponsored by the 
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Bureau of Ships of the Department of 
the Navy. 

As already mentioned, the notch 
sensitivity of steel plate can be evaluated 
by means of static tests using various 
notched specimens. These tests, how- 
ever, do not lend themselves toward 
evaluation of notch sensitivity of non- 
homogeneous materials such as are 
found in and around welded joints. By 
conducting explosive tests on both 
prime and welded plate, a direct meas- 
urement of the effect of the welded 
joint on the notch sensitivity of the 
structure can be obtained. 

Figure 10 shows a graph of energy-to- 
fracture versus temperature of several 
structural steels tested by the direct 
explosion method. These steels were 
selected from some 14 different com- 
positions and types investigated to date 
as typical of the range of performance 
encountered in testing. It will be seen 
that the performances of these steels 
under the test differ drastically, particu- 
larly at low temperatures, as opposed to 

comparative similarity of 
their mechanical properties 
as shown on Table I, 


me When subjected to static 
eae utilizing a notched specimen, these 
steels line up in the same general order 
as under the direct explosion test, 
particularly in case of steels exhibiting 
fairly similar performance under static 
tests. 

Figure 11 shows the performance of 
these steels when fabricated by welding 
with procedures and electrodes designed 
to give a substantially 100 per cent 
efficient joint as determined by stand- 
ard tension tests. It is clear from Fig. 
11 that this is no longer the case under 
the direct explosion test, and that tri- 
axial ductility of these joints is inferior 
to that of the parent plate in most cases. 

Again the difference is greatest at low 
temperatures, but in the case of mild 
steel, the most common _ structural 
material, the difference is quite pro- 
nounced even at room temperature. 

Figures 12 to 14 show the welded 
specimen used and the type of fracture 
sustained under the test. All joints 
consisted of double V full-penetration 
weld bisecting the square specimen, and 
were radiographed to assure soundness 
of weld deposit. 

It is interesting to note that in many 
instances the fracture is not confined 
to the weld zone, even though it in~ 
variably originates there at an energy 
value lower than that necessary to frac- 
ture prime plate. 

Figure 15 shows correlation of the 
performance of welded joints when 
tested by the direct explosion test and. 
the performance of full-scale structural 
models of sections of a deck of a mer~ 
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Fig. 14.—A Fracture of 1-in. Thick Steel Plate Welded with Elec- 
trodes of Lower Toughness than the Parent Plate, with Fracture 
Confined Almost Entirely to the Weld Metal. 


chant marine vessel under static tension 
test. These models, shown on Fig. 16, 
were constructed and tested at the Uni- 
versity of California as part of the in- 
vestigation (3, 4) of the causes of 
failures of merchant marine yessels, 
and their tests represent the nearest 
approach toward actual measurement of 
stresses at fracture in ships. Of the 
steels tested, only steel A failed in a 
ductile manner at room temperature 
under both tests, all other steels failing 
in a brittle manner at room and lower 
temperatures. 

It will be noted that good correlation 
between results of the two tests exists 
in the case of all steels with possible 
exception of steel A where the explosive 
test indicates a relatively poorer per- 
formance than does the static test, 
probably because of the fact that in the 
case of ductile failure the extent of frac- 
ture is not the same for the two tests. 
While in the case of statically loaded 
specimens, it is possible to continue 
application of energy to the specimen 
until the fracture severs the specimen in 
two parts, the direct explosion cannot 
produce more than approximately 9 in. 
of fracture in cases of ductile failure, as 
once the fracture forms an opening in 
the specimen, additional energy applied 
does not act on the specimen but passes 
through the opening. 


DISCUSSION OF THE VALUE OF THR TEST 


It has been shown that the test evalu- 
ates steel plate and weldments in an 
entirely different manner than do the 
conventional tension tests and that, in 
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Fig. 16.—A Full-Size Model Sectio 
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Fig. 15.—Energy Stress Diagrams of 1-in. Thick Welde; 
Steel Plate Tested by the Direct Explosion Methow) 
and of 34-in. Thick Steel Plate Welded Into a Model See) 
tion of the Deck of a Merchant Marine Vessel and Testeit 
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“eneral, it appears to correlate reason- 
bly closely with mechanical tests for 
Notch sensitivity in cases where direct 
“omparison is possible. A question 
ises as to what extent this correlation 
ay be accidental and how sound is the 
“aeoretical justification of it. Specifi- 
jally, it is desirable to know to what 
xtent the apparent inferiority of the 
welded joint to the prime plate, demon- 
trated by the test, can be expected to 
Pxist under stress conditions found 
‘9h actual structures at points of stress 
‘joncentrations and of steep stress gradi- 
mts, under static loading. This ques- 
fion is extremely important from a prac- 
‘ical consideration of the load-carry- 
)ng capacities of steel structures, since 
ts positive answer would point a way 
of greatly increasing their effective load- 
(-arrying capacity through improvement 
bf the performance of welded joints. 
Thus, in case of steel D—a common 
itructural material—improvement in 
tvelding over what is now recognized as 
he best standard procedure, to the point 
where the performance of the joint 
jnatches that of the parent plate, 
would result in the increase of the ductil- 
ity and of the energy to fracture at the 
Doint of stress concentration of over 25 
‘oer cent at room temperature and of 
1100 per cent at 32 F. This improve- 
ment of performance at the point of 
stress concentration should result, in 
‘nost structures, in comparable increase 
in the maximum safe load-carrying 
jsapacity. 

| If one accepts the hypothesis that 
poor ductility in the presence of second- 
ary stresses normal to the major stress, 
such as are found at points of stress 
concentration and steep gradient, is 
jresponsible for structural failures of 
merchant marine and pressure vessels— 
and to date this appears to be the most 
jreasonable explanation of these fail- 
jures—the applicability of the direct 
jexplosion test rests on the premise that 
its effectiveness is due to triaxial tension 
and not to the high rate of strain. 

It has been demonstrated that tensile 
stresses are present in the specimen, at 
least under the charge, along all of its 
three space axes, at some time during 
the test. However, the theoretical 
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iiig. 17.—A Side View of Lin. Thick Steel Plate Fragment Severed from a Test Plate 
4 and Corresponding Roughly to the Area Under the Charge. 


analysis fails to establish that the three 
stresses occur simultaneously or even 
overlap each other in time, and it may 
be argued that the failure is due to 
simple biaxial bending, the difference in 
performance being caused by the in- 
creased strain rate. 

Considerable evidence exists, how- 
ever, that this is not the case, as follows: 

Figures 6 and 17 show a type of ductile 
fracture common in cases of specimens 
undergoing a maximum amount of strain 
prior to failure. It will be seen that 
fracture has taken place along a cir- 
cular path on the back of the plate 
roughly corresponding to the edge of 
the charge and has penetrated approxi- 
mately half way through the thickness 
of the plate. At this point, the frac- 
ture turns 90 deg. and proceeds to 
travel along the plane of the plate to- 
ward the center of the area under the 
charge in the manner common to frac- 
ture by spalling (Fig. 18); however, in- 
stead of extending across the entire area 
under the charge as in the case of a spall, 
the fracture turns 90 deg. before reaching 
the center of what would have been the 
spall, and travels to the front of the 
plate, removing a center button from 
the front of the plate approximately 
half the diameter of the charge. The 
significant fact is that the fracture in 
the XY plane and perpendicular to the 
Z axis does not extend all the way under 
the charge, but is confined to an an- 
nular ring. Thus, it could not have 
occurred at an early period when stress 
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Fig. 18.—Typical Fracture by Spalling of 


Z was at its maximum but must have 
taken place simultaneously with or after 
the occurrence of the fracture perpen- 
dicular to the plane of the plate, which 
indicates that appreciable Z stress ex- 
isted at the time X and Y stresses were. 
at their maximum. 

Both theoretical analysis and actual 
observation of the extent of spalling 
when it occurs indicate that little Z 
tensile stress exists outside of the area. 
under the impact, and it therefore ap- 
pears reasonable to conclude that the. 
effect of triaxial tension will be confined’ 
to the material under the area of im- 
pact. On the other hand, it also ap- 
pears reasonable to believe that the. 
rate of strain of any unit volume of the. 
specimen is a direct function of the. 
magnitude of the strain only, since the. 
time during which strain occurs is: 
virtually constant for the entire speci- 
men. Thus, the effect of the triaxial 
tension and of the high rate of strain 
may be separated from the effects of 
biaxial tension and the high rate of 
strain, since the former condition pre-. 
vails only in the material under the 
charge, while the latter exists in the. 
material immediately outside of the 
charge. 

It was therefore concluded that if 
high rate of strain was primarily re- 
sponsible for the inferior performance 
of the welded joint as compared to. 
that of the prime plate, no difference in 
performance could be expected regard~ 
less of whether the joint was placed 
under the charge or adjacent to the 
charge. Accordingly, a number of 
specimens were prepared with a circular: 
weld of approximately the same length 
as that of the weld of a standard speci- 
men, encircling the area under the. 
charge but lying wholly outside of it. 
On testing these specimens, it was found 
that the maximum strain of these welds 
prior to fracture was considerably 
greater than that of welds in the con- 
ventional specimen and that the frac- 
ture occurred at substantially the same 
energy input as in the case of the prime. 


* 
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1 in. Thick Steel Plate. 


(1P77) 63: 


plate specimens. As a check, another 
set of identical circular specimens was 
tested with the charge offset 13 in. 
from the center and covering part of the 
weld. These specimens failed at sub- 
stantially the same energy input and 
with approximately the same deforma- 
tion as did the standard specimen. 
Accordingly, it was concluded that 
welded joints subjected only to biaxial 
tension at very high rate of strain be- 
have substantially in the same manner 
as the prime plate, and that the high 
rate of strain alone cannot explain the 
difference in performance found between 
the welded joints and prime plate under 
the explosion test. 


CONCLUSIONS 


1. A test has been developed per- 
mitting evaluation of performance of 
homogeneous and nonhomogeneous ma- 
terials when subjected to: 


(a) High rate of loading. 

(b) Combined effect of triaxial ten- 
sion similar to that found at 
notches and other points of 
severe stress gradient and 
concentration. 


2. When subjected to the test, a 
number of different types and grades of 
steel plate 1 in. thick exhibited: 


(a) A wide difference in performance 


A Mechanical Wear Test Using Fission Fragments 
David H. Frisch? and Jules S. Levin? 


By 


Ree tracers 
have been used? in Studies of the wearing 
away of rubbed surfaces. The main 
difficulties encountered in utilization 
of tracer techniques are as follows. 

1. The whole object may be made 
sufficiently radioactive so that there is 
appreciable activity in the small amount 
removed. This necessitates either mak- 
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not correlating with 


general, correlating with 
notch-impact properties. 
(b) A wide difference in performance, 


particularly at low tempera- 


tures between welded and 
unwelded plates of otherwise 


identical chemistry and prop- 


erties. 


3. The test shows a good degree of 
correlation with results of static loading 
to destruction of full-scale model sec- 
tions of ship decks. 
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ing it originally partly out of highly 
radioactive material, or giving it ap- 
preciable neutron bombardment later, 
probably in a pile. If the wear is small 
there is only a very slight diminution ot 
the activity of the worn object, for 
example, the steel spindle of a lathe, so 
that the test must be of the activity in 
the lubricant or on the wearing surface, 
for example, the spindle bearing. 

2. A thin surface layer of radioac- 
tivity may be applied by (a) electro- 
plating, which may change the surface 
characteristics of the material, or (0) 
inducing surface activity by proton or 
deuteron bombardment with a positive 
ion accelerator. 

A simpler variant of 2(b) is discussed 
in this paper. Radioactive fragments of 
nuclei that have undergone fission close 
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their 
mechanical properties, but in 
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by penetrate the surface to be studi} - 
The depth of this surface layer canrl 
be greater than the maximum range 
fission fragments in the material to«|( 
worn but can be made less if desired; 
removal of the foil containing the fissis) 
able nuclei to a greater distance. "| 
activity could possibly be buried i: L 
layer below the surface by collimat)}! ” 
the fragments from a thin source. ; 
This radioactivity may be appliec Hh 
any surface, penetrating a depth of fifi 
approximately 2 mg. per sq. cm...” 
material with low atomic number} 
to 12 mg. per sq. cm. for high Z i) 
terials. The fissionable material mi! 
have a large fission cross-section ci) 
pared to the cross-section for neut 
"5B. Segré and C. Wiegand, ‘“‘Stopping Pov 


Various Substances for Fission Fragments.” ||| 
Physical Review, Vol. 70, p. 810 (1946). 
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i apture of the material to be worn, or 
| plse the background activity from the 
)oulk of the material will mask the ac- 
Vhivity of the fission fragments. In 
practically all cases, this requirement 
‘may be met by the use of an enriched 
§U-235 or plutonium foil. In some 
‘eases an ordinary uranium foil may do 
4if sufficient neutron flux can be pro- 


ided. 


EXPERIMENTAL PROCEDURE 


) In order to check this method, the 
wear of a plane surface was measured 
mechanically and also by the diminution 
A ot fission fragment activity in its sur- 
face. This constitutes a rough experi- 
‘mental calibration of the radioactive 
“wear test for the particular material 
-)and irradiating geometry used. 
i Two similar stainless steel cylinders 
japproximately 1 by 1 in. were irradiated 
‘with fission fragments in the setup 
’ shown in cross-section in Fig. 1. Two 
j1-g. radium-beryllium neutron sources 
* were placed above a highly enriched 
fission foil of approximately 1 mg. of 
f U-235 per sq. cm. The fission foil was 
| placed above the tops of the cylinders, 
» separated from them by approximately 
iis in. The assembly was placed ina 
) large can of paraffin to slow down the 
/ fast neutrons produced by the source. 
‘The exposure time to neutrons was 
"16% hr., an entirely arbitrary figure 
| which might be chosen from minutes to 
‘ months, depending on the time-scale of 
subsequent wear-testing. The flux of 
/ neutrons was approximately 10‘ per sq. 
em. per sec. 
The cylinders were then removed and 
| the activity of both their tops and 
bottoms measured over a period of ap- 
' proximately a week with a halogen-filled 
' Amperex thin window counter. The 
/ bottoms of the cylinders showed an ac- 
' tivity with a half-life of from two to 
three hours which died away to less than 
10 per cent of background in about a 
‘day. This was probably the well- 
_ known neutron-induced manganese £B- 
» decay. 
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Ra-Be SOURCE CONTAINERS 


ACTIVE VOLUME OF SOURCES 


SUPPORTING PLATE FOR 
SOURCES 


SUPPORTING BACKING FOR 
URANIUM FILM 


URANIUM FILM 


I" DIA. STAINLESS STEEL 
CYLINDERS 


TEXOLITE HOLDER 


=a 1 a ea Setup for Irradiation. 


At approximately 105 hr. after ex- 
posure, one of the cylinders was worn 
down by lapping by hand on a cast 
iron lapping block, using levigated 
alumina abrasive. The amount re- 
moved was measured by comparing the 
cylinder height with standard gage 
blocks, using a Sheffield reed compara- 
tor. The activity of the worn sample 
was compared with that of the control 
sample, approximately 70 counts per 
minute (70 cpm.) above a background 
of 20 cpm. It should be noted that the 
active region of the counter may not 
have covered the full area of the top of 
the cylinder. 

This process of lapping and measuring 
was repeated two more times, the last 
at approximately 125 hr. after exposure. 
The results are displayed in Fig. 2. 
The ratio R of counts above background 
for the worn sample to that for the 
control has been normalized to unity 
at zero wear depth. The actual ob- 
served ratios were greater than those 
plotted by a factor of 1.09, due possibly 
to unsymmetric location of neutron 
sources or nonuniformity of uranium 
film thickness. The normalized FR is 
plotted here as ordinate, and wear depth 


in units of tenths of thousandths of an 
inch as abscissa. 

The exact shape of the curve is not 
given by these few points, but the initial 
slope gives a good measure of the use- 
fulness of this method. The counting 
rate decreases approximately 8 per cent 
(in this case 5 cpm.) for each 107° in. 
removed. By repeated applications 
after wear, one could stay in a region of 
high sensitivity if desired. 

The small but possibly significant 
counting rate above background at 
3.7 X 1074 in. depth, well beyond the 
2.3 X 1074 maximum range of fission 
fragments, may be due to diffusion of 
fragments into the metal, or perhaps to 
some folding-under of outer layers of 
metal. For industrial applications in 
which the worn surface gets hot, this 
might be a serious difficulty with the 
technique and might warrant a more 
careful study. 


CoNcLUSION 


A “hot patch” of surface radioac- 
tivity is applied locally to a surface by 
placing an enriched fission foil near the 
surface and irradiating the fissionable 
material with neutrons from a source 
surrounded by a moderator such as 
paraffin, water, or oil. The method is 
adapted to measuring wear depths of 
from a few millionths to a few ten- 
thousandths of an inch of dense ma- 
terials, and up to a mil of lighter ma- 
terials such as plastics. Wear may be 
measured at times from minutes to 
months after irradiation. The total 
amount of induced radioactivity in- 
volved is negligible from a health stand- 
point. 
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An Evaluation of Radiography with Particular Emphasis on 


Detection Methods - 


By Carlton H. Hastings” 


SYNOPSIS 


Past trends of development, the present status, and suggested future 
trends in industrial radiography are discussed. Techniques employing 
radiation methods for producing inspection data of greater reliability and at 
faster rates than now possible are suggested. 

Considerations of the application of radiographic inspection methods to 
mass production seems to dictate the need for basic modifications of the 
method, if bottlenecks in production are to be avoided. In particular, 
modifications which permit automatic or semiautomatic procedures and re- 
duction in operational costs are believed necessary to this objective. Im- 
provements in both the versatility and economy of radiography can be 
brought about by providing a fast, remote image detection method. 

The application of television techniques to produce a picture quickly, to 
eliminate the expense of film and its handling, and to permit automatic, pro- 


duction-line instrumentation has been discussed. 


It is further visualized 


that a net improvement in picture quality may be realizable by use of such a 


high-speed image converter. 


Although the suggested method of image formation employing a scanning 
electronic tube directly sensitive to X- or gamma-radiation has not been 
evaluated experimentally by the author, its possibility of success, based upon 
facts presented, seems strong. There are numerous questions that can be 
raised regarding the operation of such a detection system, questions that 


would be difficult to answer at this time. 


However, it is believed that they 


are mostly questions of an engineering nature and require only the expendi- 


ture of developmental effort to produce the answers. 


Since the purpose of 


this report is to offer basic ideas for solution of problems posed, it is therefore 
optimistic in tone, leaving the discussion of limitations and disadvantages to 


a later time. 


l. DIRECTING one’s ef- 
forts efficiently along most profitable 
lines, as measured in terms of the useful- 
ness of accomplishments per hour ex- 
pended in their development, it is neces- 
sary to pause frequently and review past 
trends of development, present status, 
and future objectives. The author has 
attempted to do this in the case of the 
radiographic method of non-destructive 
testing. The result of this considera- 
tion has been a number of ideas, which 
are believed worthy of statement for the 
purpose of stimulating thought and ob- 
taining reactions of others who are in- 
terested in this field. 


Past TRENDS 


Penetrating radiation, as utilized for 
the non-destructive testing of materiais, 
has, up to the present time, meant X- 
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rays and radium emanation, the greater 
application being made of the former 
type of source. Although advantages 
can be recognized in favor of the use of 
radium as a source for some work, X- 
rays have proved advantageous for the 
bulk of examinations performed. These 
advantages are associated primarily 
with the higher available intensity of 
X-rays and, hence, shorter exposure 
times. As a result of the realization of 
the above advantages in favor of X-ray 
sources, much effort has been expended 
on the development of X-ray generators 
of increased penetrating power in order 
to overcome their previous thickness 
limitations. There followed the devel- 
opments of the Coolidge tube, the elec- 
trostatic or Van de Graaff generator, the 
General Electric 1 and 2-mey. resonance 
transformer units, and the Betatron. 
One can now obtain equipment that sur- 
passes radium emanation in penetrating 
power and quantity. Concurrent with 
the development of X-ray generating 
apparatus, improvements in films used 
for recording images were being made. 
Medical type radiographic films were 
supplemented by industrial radiographic 
films offering improved image sharpness 
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and contrast. The actual improvemen 
afforded by the latest films commercial] 
available, as compared with previously 
available medical films, is in general no 
great, being of the order of 30 per cen 
improvement in film gradient*® at com 
monly used densities. It is difficult t 
evaluate the improvement in imag‘ 
sharpness which resulted from the develi 
opment of fine-grained films. In gent 
eral, one may conclude that the gros 
contributions to the art of industrial 
radiography have revolved around thi 
development of X-ray machines of inif 
creased penetrating power, resulting in aj 
slow but steady increase in the thickness} 
of material which can be penetrated inf 
economical periods of exposure. 


PRESENT STATUS 


Without presenting a complete sum 
mary of the present status of the radic/ 
graphic method of examination, thi 
following pertinent statements can bli 
made. The radiographic method c 
examination has attained widespreas 
usefulness as a tool for the developmen’ 
of good casting and welding techniques 
Its application to production inspectio«! 
has been limited by the slowness an#/ 
high cost of the method to occasions 
spot-checking. There remain many wi 
spection problems where 100 per cent cli 
high percentage radiography would ki 
desirable, if the time and cost facton 
could be reduced. The factors whic} 
account for the quality of a radiograpy 
are now fairly well recognized and, witli! 
in the limitations of available films, whal) 
is generally considered as adequati 
picture quality usually is attainable i} 
practical radiography. Applications cq) 
exist, however, where the quality of thiy 
resulting film must be sacrificed in orde}} 
to produce a picture or to produce } 
picture in a limited time. In practic} 
inspection, quality may give way if} 
economy. 


SuGGEsTED Future TRENDS 


In order to expand the scope of utilitj)) 
of inspection methods using penetratin 
radiations, the most valuable step wou. 
seem to be one which allowed significaall! 
improvement in the speed with whid 


§ “Radiography in Modern Industry,” Ea! 
man Kodak Co., X-Ray Division, Roches 
N. Y.(1947). 
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‘he data may be obtained. There are 
stances where a picture or radiograph 

s not necessary to obtain the necessary 
shspection information. An example of 
his type of problem is the examination 
nd consequent control of the thickness 
\f sheet material such as sheet steel.567 
By using a fast detector, such as an 
“pnization chamber, photomultiplier 
) pickup, or Geiger counter, a quantitative 

{valuation of the variation of sheet thick- 

ess can be obtained. Further, the 
lectrical signal produced by the detector 
faay be caused to operate corrective 
gneans for adjusting the sheet thickness 
merging from the rolls. The examina- 
) Sion and subsequent corrective action in 


' Shis case are almost instantaneous in 


‘peration, as well as continuous. 


With- 


» out creating a bottleneck in production, 


ee 


#1100 per cent inspection of the sheet thick- 
mess is easily accomplished. 


The type of inspection instrumenta- 
jon just described is capable of develop- 
ment to a semiautomatic or fully auto- 
matic status, requiring little or no inter- 


‘pretation of data by the inspector. It 
«iso happens that the inspection problem 


ait 


‘for which the apparatus was designed 
fcould be handled in this manner. The 
limits of thickness between which the 
‘product is controlled by the machine 
are predetermined and set into the 
‘machine controls. 


=e ~~ 


Where unsoundness of a product, such 


/as a casting or a weld, is under consider- 


jation, the establishment of acceptance 
‘limits is not so simple a task, and the 


inspection machine usually cannot be 


jsupplied with the necessary data for 
automatic acceptance and rejection. 
In these cases, one must rely upon the 


ni | training and judgment of the inspection 


) decision. 


/ personnel for proper interpretation and 
When soundness conditions 
are the subject of the investigation, it is 
“probably easier to train the inspection 
) personnel to interpret data when they 


}) appear in pictorial form than when they 


{ 


i! 


| 


! appear in the form of a meter reading or 
cathode-ray oscilloscope pattern. In 
other words, it is easier to evaluate a 
erack with regard to its size, shape, and 


i 


4, location if one can see a picture of the 


| soundness. 
alent in the case of some magnetic 


if 4“Testing with X-ray Counting aubesin 


.erack and its relation to the object than 
| it is to evaluate other forms of data. 
This is particularly true with respect to 
the question of the nature of the un- 
The problem is also prev- 


The 
) diron Age, Vol. 151, June 10, 1943, p. 

5 R. C. Woods and F. Pua, “Continuous Gaging 
, with X-ray Micrometer,’ 


” The Iron Age, Vol. 156 
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6éw. D. Coolidge, ‘ ‘X-rays Control Hot Mill 
Sheet Gages,” The Iron Age, Vol. 153, May 4, 
ae, pe 116. 

7C. W. Clapp and R. V. Pohl, “X-ray Thick- 
“ness Gauge for Hot Strip Rolling Mills,’ ’ Electrical 
Engineering, Vol. 67, May, 1948, p. 441. 
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and ultrasonic techniques where flaws 
may be readily detected, but identified 
with great difficulty—or not at all. 

The foregoing probably represents the 
greatest single reason for the acceptance 
of the radiographic method of inspection. 
The picture on the radiographic negative 
tells the story. Assuming this, it would 
seem that plans for the advancement of 
radiography should not only provide for 
the development of greater speed of ob- 
taining the data but should include also 
the thought of presenting the data in 
pictorial form. 

Too frequently the modern radiog- 
rapher openly or subconsciously ex- 
presses a desire for clearer, more brilliant 
pictures when straining to see the images 
which might be there. It does not seem 
that the advance to higher energy radia- 
tions has led to an improvement in pic- 
ture quality. It is true that the high- 
voltage equipment has allowed us to get 
pictures through thicknesses of material 
which could not be penetrated at lower 
energy levels. In terms of so-called 
“radiographic sensitivity,” the pictures 
are excellent. They reveal what is con- 
sidered to be sufficiently small varia- 
tions in total thickness. Nevertheless, 
the radiographs become increasingly 
more difficult to interpret as the energy 
used to produce the exposure is in- 
creased. One need only compare two 
radiographs of the same object taken at 
175 and 1000 kv., for example, to see 
the superiority of the former over the 
latter, other factors being equal. To 
make a proper comparison, of course, 
the thickness of the object should be 
within the range of the 175-kv. machine 
with regard to exposure time (14 in. of 
steel, for example). The difference is 
partly due to the greater absorption co- 
efficient at the lower kilovoltage and the 
consequent improvement in image con- 
trast over that obtainable with 1000 kv. 
The author, for one, is not pleased with 
the quality of the high-energy picture. 
It requires much more effort to see im- 
ages under these conditions. It follows 
from these thoughts that our advanced 
thinking should include ways and means 
for improving picture quality, particu- 
larly with regard to contrast obtained 
through thick sections of material. 
When the subject of high-voltage pic- 
tures is introduced, someone usually re- 
marks about the wide latitude or range 
of thicknesses which can be covered with 
a single exposure. The existence of this 
wide latitude is acknowledged, but its 
desirability, at the expense of picture 
brilliance, is questioned. One cannot 
have high latitude and high contrast, 
and since it is the contrast factor which 
contributes to high flaw detectability, 
this factor would seem more important 


ASTM BULLETIN 


from a picture quality standpoint. 
Latitude is important only from the 
point of view of reducing the number of 
exposures necessary to examine a given 
area, and hence reducing inspection 
time. Here, again, the quality of the 
picture may be sacrificed because of 
economic considerations. The reduc- 
tion in inspection time can be achieved 
through efforts to provide a significantly 
faster radiation detector than presently 
available films. Would it be asking too 
much to expect that the high-speed 
detector also have a more variable con- 
trast characteristic than available in 
present films? 

To summarize the previous remarks, 
there are three particular channels along 
which it would seem most profitable to 
direct developmental effort: 


1. Improved speed of obtaining data, 
in pictorial form. 

2. Improved quality of pictures. 

3. Greater flexibility of picture char- 
acteristics. 


A SuGGEstep APPROACH 


It would hardly seem justifiable to ex- 
press dissatisfaction with so many 
things concerning radiography, as has 
been done in the preceding section of 
this paper, without at least suggesting 
some approach to a solution of these 
difficulties. The ideas that follow have 
been considered over a period of years 
and appear more and more promising as 
technical progress in allied branches of 
science advances. 


Improved Speed: 


A method has already been described 
wherein the speed with which inspection 
data are obtained has been increased 
tremendously over common practices. 
This method, employing the ionization 
chamber to provide data relative to 
X-ray intensity, is commercially avail- 
able. Its operation is instantaneous by 
comparison with film techniques; how- 
ever, a picture of the area being exam- 
ined is not obtained. One obtains only 
an integrated measurement of the inten- 
sity over a finite small area examined. 
For the application described, this type 
of data is all that is required. Consid- 
ering possibilities beyond the available 
instrumentation, and where a picture is 
desired for purposes of interpretation, 
a erude sort of contour map can be 
formed by plotting intensity values ob- 
tained by moving the ionization chamber 
over the area to be inspected. If the 
chamber is made sufficiently small, a 
fairly well-defined contour map can be 
prepared from which gross irregularities 
in thickness or absorption can be out- 
lined. As a further improvement, one 
might use a scintillation counter or a 


(TP81) 67 


ie 


ee ee a 2 


solid ionization chamber such as a dia- 
mond crystal counter, arranged to pro- 
vide an intensity measurement continu- 
ously (integrating rather than counting) 
and to continously scan the back of 
the irradiated specimen. By applying 
the signal from the high-speed X-ray 
intensity detector to a recorder synchro- 
nized with the scanning motion of the 
detector (a facsimile type of recorder), 
the contour map can be automatically 
plotted. Such a procedure has been 
employed by the author and his associ- 
ates for plotting variations in magnetic 
fields by using a magnetically sensitive 
detecting element in place of the scin- 
tillation detector.® 


Although mechanical scanning using a 
high-speed detector can be made to pro- 
duce a picture, the entire operation is 
slowed down to an unsatisfactory pace 
by the mechanical operation of scanning 
and recording. This problem has al- 
ready been overcome to a large degree in 
the television art. It is a well-known 
fact that television scanning is accom- 
plished electronically at a speed suff- 
cient to reproduce a complete picture 
area atarapidrate. In fact, the rate at 
which the entire picture is scanned and 
presented for observation lies within the 
bounds necessary for persistence of 
vision. The scanning operation is too 
fast to be seen easily, and the picture 
appears to be uninterrupted. 


The scintillation detector of X- or 
gamma-radiation!® 142 is a relatively 
simple device in itself. It comprises a 
crystal of a material which scintillates 
(gives off visible light flashes) when the 
X-ray quanta are absorbed therein. A 
photomultiplier tube viewing these 
scintillations is capable of producing a 
usable electrical signal, as a result of the 
absorption of a single photon. 


In order to realize the advantage of 
the fast-acting scintillation or ionization 
type of detector and of the fast elec- 
tronic scanning of television, one can 
view a fluorescent or scintillation screen 
with a television camera tube. By 
means of the circuitry familiar to the 
television art, the visible image on the 
fluorescent screen can be televised and 
monitored at a remote location behind 
protective barriers. In effect, this 
arrangement is ordinary fluoroscopy 


§R. D. Kodis, “A Flaw Detector for Tubes,” 
Retioie ee Am. Soc. Testing Mats., Vol. 50 


1 V. K. Zworykin and G. A. Morton, ‘‘Tele- 
vision: The Electronics of Image Transmission,” 
John Wiley & Sons, Inc., New York, N. Y. (1940). 

Per Kallman, ‘Quantitative Measurements 
with Scintillation Counters,’”’ The Physical Re- 
view, Vol. 75, February, 1949, p. 623. 

1G. A. Morton and J. A. Mitchel, ‘“Perform- 

nee ee Hels ee ve a Scintillation 
er, ucleonics, Pan i 

ise 6 46: ° o. 11, January, 

12 J. W. Coltman, ‘‘The Scintillation Counter,” 
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Fig. 1.—Block Diagram of Remote Image Pickup System. 


with remote viewing. A recently an- 
nounced development makes this ar- 
rangement seem even more interesting. 
A new type of television camera tube!® 
has been developed, having a response 
sensitivity approximately equivalent to 
that of the eye. Previous camera tubes 
have been only slightly more sensitive 
than a fast photographie film. 

The next step that suggests itself is the 
most interesting. It consists in doing 
away with the fluorescent screen in the 
remote fluoroscopic viewer. Because of 
the similarity in many respects between 
X-rays and light, one might imagine a 
television camera or pickup unit that is 
directly responsive to X-rays, and hence 
capable of producing an eiectron image 
without the intermediate conversion to a 
visible light image. Such a television 
pickup tube actually exists, but, as far 
as can be determined by the author, has 
never been used in this manner. In 
fact, any of the television pickup devices 
may be capable of producing pictures 
from short-wave (X-ray) radiation. 
One of these devices, in particular, is 
chosen for illustrative purposes. The 
device is called a “photoconductive 
pickup tube,’’® and was constructed for 
ordinary television applications and to 
be excited by visible light. That sucha 
pickup device can be successful where 
X-rays are employed in place of visible 
light has been demonstrated by some 
preliminary experiments designed to 
investigate a different method of filmless 
radiography. Xerography,!4 a process 
of reproduction developed at Battelle 
Memorial Inst., has been investigated 
with regard to its applications to radiog- 
raphy and as a substitute for film by 
R. C. MeMaster.!®5 This method is not 
instantaneous in operation but requires 


13°V. K. Zworykin, ‘‘The Photicon,” Electroni, 
Vol. 22, December, 1949, p. 65. 7 S iaueeas 

14 R. M. Schaffert and C. D. Oughton, ‘‘Xero- 
radiograph: A New Principle of Photography 
and Graphic Reproductions,”’ Journal, Optical 
Soe. of Am., Vol. 28, December, 1948, p. 991. 
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than that of photographic film. It has 


Control | 
and 
Viewing Room 


Viewing Screen 


an exposure and processing time less? 


the decided advantage that a single! 
electroradiographic plate may be reuse 
many times. Most important to thiaj 
paper, however, McMaster’s experiti 
ments demonstrate the response oi( 
photoconductive layers to X-rays and 
their ability to form usable electronia| 
images. The sensitive screen of the | 
photoconductive television pickup tube 
works on the same principle as th : 
electroradiographic plate of McMaste: 
and should therefore be capable ow 
producing an electron image instani/ 
taneously—that is, without a so-called! 
exposure time. Coupling this photo 
conductive pickup device with weil 
known television circuitry would thew 
produce a visible image instantaneously 
and without the usual processing opera! 
tion or development. y 

With reference to Fig. 1, the suggestew 
method of approach to the problem c! 
detection speed may be summarized a) 
follows: A source of radiation irraditl 
ates the specimen giving rise to varia 
tions in radiation intensity behind th. 
specimen in the familiar manner. . 
detecting device, similar to a televisio: 
camera tube, but minus the optical 
equipment, and having an X-ray respon 
sive screen, detects the variations i 
radiation intensity. By  well-knowy 
methods, the electrical signal is ampli 
fied, modified, and presented insta® 
taneously at a remote and safe point fad 
viewing. Since the picture is requirel 
to be sent only to the next room, tl! 
radio transmission circuits usually en® 
ployed for television, and their atten 
ant complications, can be omitted arilf 
the picture sent over a wire to the rf 
ceiving point. | 

This type of instrumentation sho 
be susceptible to remote and automat 


iw R. C. McMaster and R. M. Schaffé 
‘Xeroradiography, a Basic Development in ¢ 
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Ray Nondestructive Testing.’’ Presented at 
Annual Meeting, Society for Nondestruct! 
Testing, October, 1949. 
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Wperation, thereby enabling the exam- 
whation of material in large quantities 
without introducing a bottleneck in 
MSroduction. The author’s personal ex- 
perience has indicated that the main- 
fenance of a file of films resulting from 
adiographic inspection, as now prac- 
Need, is unnecessary in a majority of 
“tases, and occupies valuable storage 
pace. If permanent records are re- 
ired, this minority of situations can 
we handled by 35-mm. photo-recording 
of the image on the monitoring tube. 
| Che initial saving in the cost of film and 
“ts processing by use of the suggested 
“method is obvious and need not be em- 
)yhasized beyond its mention. 


mproved Quality: 


' The matter of improving radiographic 

bicture quality is intimately associated 
) 
! 


fa) 1000-ky: type M film. 0.015-in. lead screens, 
l)-in. hole density, 1.64. Contrast, 0.14. 
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Background density, 1.50. 


1.6 2.0 


Voltage, mev. 
Fig. 2.—Factors Affecting Subject Contrast (Steel). 


+ K—Scattering factor I seat./J pri. u—Linear absorption coefficient. Value of K at 0.2 mey. 
*9eter Seemann, other values of K after Buechner, Van de Graaff, et al. 


with the particular method by which the 
picture is produced. Since the tele- 
vision detection system has been sug- 
gested as a means for obtaining fast, 
remote, picture pickup and_ presenta- 
tion, let us discuss the possible improve- 
ments in picture quality which may be 
realized with this system of detection. 
It can be stated that improvement in 
quality may be expected when television 
techniques are employed, because (a) 
the electronic techniques involved pro- 
vide a flexibility of picture control not 
believed easy to obtain by other meth- 
ods, and (6), because the high speed of 
response of the techniques may allow 
modification of X-ray procedures such 
as to provide higher quality pictures. 
Let us examine these two reasons. 
Advantages Due to Electronic Tech- 
nique.—In the television process, follow- 
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(b) 175-kv. type M film. 0.006-in. lead screens. 


3/s2-in. hole density, 1.53. 
Fig. 3.—Radiographs Illustrating Contrast on 1.5-in. Steel. 


ing the production by the camera tube 
of an electrical signal containing picture 
information, the signal is usually ampli- 
fied and modified. The modification 
may consist of an adjustment of the rela- 
tive amplitude of the parts of the signal 
such that, upon viewing the picture, its 
parts can show greater or less contrast. 
The advantages of such nonlinear am- 
plification or clipping circuits have been 
described recently by Garvin and 
Goodwin!® who have viewed ordinary 
X-ray negatives on an illuminator. The 
interesting feature of this note was that 
the viewing was performed, not with the 
eye directly, but by means of a television 
camera tube and monitor. They report 
striking improvements in contrast to the 
extent that portions of the picture which 
could not be seen for want of sufficient 
contrast when viewed directly were made 
visible after televising. 


Advantages Due to Modrfied X-ray 
Procedures.—Earlier in this paper, some 
objections were raised regarding the 
contrast obtained in ordinary film radio- 
graphs when using high-energy radia- 
tions. It is a generally recognized rule 
that exposures should be made using the 
lowest possible kilovoltage consistent 
with economical exposure times. The 
basis of this understanding is, of course, 
the fact that the absorption coefficient 
for a given material increases with de- 
creasing kilovoltage. Without disput- 
ing this fact, higher voltages than are 
necessary for penetration reasons alone 
are often employed in order to avoid the 
complications and time involved in re- 
ducing scattered radiation by blocking 


16 J. S. Garvin and C. W. Goodwin, ‘‘Electronic 
Enhancement of X-ray Films Contrast,’’ Science, 
Vol. 110, November 4, 1949, p. 481. 
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Background density, 1.25. 


procedures. Buechner, Van de Graaff, 
et al? have shown that, rather than 
consider the absorption coefficient as a 
single factor, the more significant factor 
upon which degradation of film images is 
dependent is the ratio of scattering 
factor to absorption coefficient A/x. 
They show also that this ratio is lower 
for 2-mev. radiation than for lower 
voltages, and hence claim advantages 
which are now recognized for this volt- 
age. These authors also state that the 
curve of A/u displays a maximum at 
about 600 kv. By including the data of 
Seemann,'’ one can extend the curve for 
K/w into the lower voltage region (see 
Fig. 2). It appears from this curve that 
an advantage greater than that obtained 
by going to 1 or 2 mey. can be realized 
by going to the lower voltages in so far 
as picture quality is concerned. To il- 
lustrate this point, the author recently 
made some X-ray film exposures to 
determine how great a contrast could be 
obtained on film for various thicknesses 
of steel. The low voltages provided the 
greatest contrast; however, the thick- 
ness which was penetrated in reasonable 
exposure times was small (see Fig. 3). 
It is indicated from these experiments 
that picture quality is greater at volt- 
ages much below those normally em- 
ployed, but the times are excessive: 
that is, they are excessive when we em- 
ploy film as a detecting medium. It 
will be interesting to see how practical 
these low-voltage exposures can be 


iv W. W. Buechner, ef al., “An Investigation of 
Radiography in the Range from 0.5 to 2.5 Million 
Volts," ASTM Bunuerm, No. 155, December, 
1948, p. 54; also Papers on Radiography, p. 75, 
Am. Soc. Testing Mats. (1950). (Issued as a 
Separate publication STP No. 96.) 

18 H. E. Seemann, ‘Secondary Radiation in the 
Radiography of Aluminum, Steel, and Lead,” 
Proceedings, Am. Soo. Testing Mats., Vol. 38, 
Part II, p. 284 (1938). 


The Mechanical Properties of Wood 


A Book has recently come 
to our attention covering the technical 
aspects of wood is that entitled, “The 
Mechanical Properties of Wood,” written 
by Frederick F. Wangaard, Assistant 
Professor of Forest Products, Yale Uni- 
versity. Although-intended primarily as 
a textbook for students of wood technol- 
ogy and wood utilization, this book eon- 
tains extensive information on the tech- 
nical properties of wood. The many new 
developments in timber mechanics and 
timber engineering and the increased 
knowledge of the effects of the various 
factors on the properties of wood are 
covered, 

There are four parts which take up, 
respectively, the basic mechanical proper- 
ties of clear wood, factors affecting me- 
chanical properties of wood, working 
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made for thicker sections by means of a 
fast detector, such as the one suggested 
earlier in this paper. 

Thus, it can be realized that the use of 
the television pickup system allows 
an increase in picture contrast by elec- 
tronic modification of the received image 
and a further increase in subject con- 
trast by allowing the use of lower volt- 
ages for a given thickness. This latter 
advantage can probably be: realized 
only for those thicknesses now requiring 
a voltage of 600 kv. or less. Because 
of the peak in the K/y curve at 600 kv., 
thicknesses requiring greater voltages 
(1000 kv.) for a film radiograph prob- 
ably would not show improvement at a 
lower voltage, unless a very great in- 
crease in speed can be realized, such as 
to permit a drop in voltage to well below 
the critical point at 600 kv. 


Greater Flexibility of Picture Character- 
istics: 

This discussion, like the discussion on 
improved quality, is based on the devel- 
opment of the high-speed television 
picture detector. Anyone who has been 
exposed to the publicity surrounding the 
release of television for public consump- 
tion must realize that most television 
receivers are equipped with panel con- 
trols labeled ‘‘contrast”’ and “bright- 
ness,” among others. Actually, the 
viewer can alter these picture character- 
istics as his discretion and for his own 
satisfaction by the twist of a knob. 
The change in character of the picture 
with regard to these variables is instan- 
taneous, and the range of adjustment 
large. In effect, the television cir- 
cultry covers the range of many different 
types of film, photographic or X-ray, 
and does so rapidly and easily. Such 
variability of contrast, coupled with a 
variable speed of response (sensitivity), 


stresses for structural lumber, and timber 
testing. This last part includes descrip- 
tions of various tests among which are 
several recognized ASTM methods. 
An appendix contains a simple plan for 
testing small clear specimens of wood. 
Copies of this book may be secured from 
John Wiley & Sons, Inec., 440 Fourth 
Ave., New York 16, N. Y., at a cost of $6. 


Bibliography of Electron Microscopy 


A NEW compilation of tech- 
nical literature on electron microscopy has 
just been issued by the National Bureau of 
Standards. In the past few years the field 
of electron microscopy has expanded so 
rapidly that present bibliographies are out 
of date; many users of electron micro- 
scopes have requested the Bureau to pub- 
lish this up-to-date bibliography. 
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also easily provided for electronically) 
represents an ideal set of characteristics 
for practical radiography. With such ¢ 
range and speed of adjustment, the 
radiographic technician can come prett; 

close to forgetting the characteristic 


contrast to be viewed in any area, thosé 
portions of the picture which are outsidé 
the viewing range may be quicklyl 
brought to optimum viewing conditions 
In other words, the technician shou 
not have to consider the contrast ox 
latitude of the whole picture area ana 
choose his picture characteristics so a 
to place the entire area in a readabl 
range. He may adjust for optimum 
viewing conditions over any small par 
of the area and rapidly vary these con! 
ditions to suit the parts of the area, on 
after another. This procedure would 
correspond to the making of numerou 
film exposures to produce optimun 
image visibility for all portions of : 
complex area. 


CoNCLUSIONS 


It is concluded that the most profiti 
able line of investigation in the field o 
radiographic testing involves the de 
velopment of new and improved detec: 
tion techniques. Suggested techniques 
employing television and other elec 
tronic principles, show promise of i 
provement in both the quality of inspec 
tion data and the speed with which the 
can be obtained. 

The ultimate end product of such dd 
velopmental efforts can be automatic ¢ 
semiautomatic inspection instrument 
tion, serving in modern, high-speec 
industrial production. Increased assug 
ance of the quality of production ove 
that obtained by spot check or samplin 
methods may thereby be realized. 


The titles of the publications have bee 
grouped in broad categories as books, suff 
vey articles, instrumentation, electron op 
tics, related instruments, and applicatio 
Within each group the arrangement 
chronological, and within each year it 
alphabetical by author. Hach referenda 
is consecutively numbered, and a speci® 
author index refers to these number 
Only those papers having a direct bearin ff 
on electron microscopy and published b 
fore January 1, 1950, have been included 
Semiscientific, popular accounts, and pail 
ent literature have been omitted. 


Circular 502, Bibliography of Electre 
Microscopy, by C. Marton, S. Sass, N 
Swerdlow, A. Van Bronkhorst, and I 
Meryman, 87 pages, 25 cents a copy, 
available from the Superintendent of Dod 
uments, U.S. Government Printing Offic! 
Washington 25, D. C. 
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